tie  Lock-In  Tube  is  at  home 

IN  THE  AIR/ 


COMPACT  . . .  MADE  TO  PIT  SMALL  SPACES 

This  famous  Sylvania  product  Is  ideal  for 
use  in  air*borne  r^dio  equipment— it's  so 
compact .  .  .  has  reduced  overall  height  and 
weight.  Further,  it  has  no  top  cap  connec* 
tion  ,  .  .  overhead  wires  are  eliminated. 


STAYS  PUT  IN  SOCKET...THROUGH  LOCK-IN  FEATURE 

f  No  matter  how  rough  the  air,  the  tubes  in 
an  aircraft's  radio  will  stay  in  their  sockets 
^  ^  — if  those  tubes  are  Lock-Ins.  Specially  de- 

f  signed  "lock-in"  locating  lug  on  each  tube 
^  keeps  them  in  place— assuring  firm  socket 
^  contact. 


ULTRA-HIGH  FREQUENCIE$...HANDLED  WITH  EASE 

■ 

Lock-In  is  the  tube  specifically  engineered 
to  more  than  satisfy  the  requirements  of 
;  today's  sets,  as  well  as  handle  ultra-high 
.  frequencies  with  ease!  Electrical  features 
I  include:  short,  direct  connections  .  .  . 
\  fewer  welded  joints — less  loss;  getter  lo- 
^  ^  cated  on  top  .  .  .  shorts  eliminated  by  sepa- 
^  ration  of  getter  material  from  leads.  See 
W  Sylvania  Distributors  or  write  Radio  Division^ 
Emporium t  Pa. 


SYLVANIA’S  LOCK-IN  TURE... 

. . .  iIm  radio  tub*  whoM  otoctricol 
and  mnchonkol  •upnriority  makM 
H  thn  {dool  ckeko  for  oqul^ont  in 
llio  air,  on  Hm  rood,  marbio  radar, 
FM  and  tnlavbion. 


makers  of  radio  TUBES;  CATHODE  RAY  TUBES;  ELECTRONIC  DEVICES;  FLUORESCENT  LAMPS,  FIXTURES.  WIRINC  DEVICES;  ELECTRIC  UCHT  BULBS 
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€«»rv«  A^N««vy-4tpty  ftfl«rs;  Mn*  IMic«)»s 

mu#*  •!  MMttKlfit 

C»rv«  flH«rt. 

Installed  where  the  electric  power  service  passes 
through  the  screen,  these  Filterettes  provide  high 
attenuation  from  150  kc  to  400  me,  thus  permit¬ 
ting  operation  of  sensitive  high-frequency  test 
apparatus  in  close  proximity  to  electric  production 
equipment,  welding  generdlors,  repulsion  motoi-s, 
and  high-frequency  induction  heating  equipment. 


Thase  units  employ  non-inductive,  mineral-oil 
impregnated  capacitors;  the  inductors,  of  large 
cross-section,  have  low  series  resistance,  hence 
voltage  drop  is  negligible.  Overload  ratings  are: 
150%  of  ampere  rating  for  one  hour;  200%  of  volt¬ 
age  rating  for  one  minute.  Since  the  filters  have 
no  saturable  characteristics,  performance  is  uni¬ 
form  for  all  loads  up  to  maximum  ratings. 


Ainp»f« 


SPECIFICATIONS 

Mechanical  design  and  assembly  conform  to 
practical  electrical  installation  requirements. 
Outer  housings  are  of  welded  steel ;  knockouts 
at  each  end  accommodate  electrical  con¬ 
duits;  heavy,  threaded  studs  facilitate  at¬ 
tachment  of  cable  lugs. 


i»gocycle» 


pT  circuit 


.2  voitt 
PT  cirewit 


legocycles 


110/220  a-c 


m^gocyc^^» 


pT  circuit 


110/220  o-c 


0.15  to  20 
mogoqrclos 


.5  voitt 
PT  cirevit 
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EIMAC  TETRODE 


TYPE 


4-65A 


Hard  Glass 
Non-Emitting  Grids 

Instant  Heating 
Filament 

Low  Drive 
Low  Voltage 

Low  Feed-Thru 
Capacitance 

Low  Cost 

$14.50 


TYPE  4-45A 

ELECTRICAL  CHARACTERISTICS 

FlUmant:  Thoriatad  tunqstan 

Voltaga 

•  • 

.  t. 

0  V 

Currant  ........ 

•  • 

.  3. 

5  amp 

Grid-Scraan  Amp.  Factor  (Av.) 

•  • 

.  5 

1  DIract  Intar-Elactroda 

Coptcitancas  (avaraga) 

Grid-Plata  ....... 

•  • 

.  0.08  iiuf 

Input 

•  • 

8 

0  >iuf 

Output  ........ 

•  • 

.  2 

1  >iuf 

TYPICAL  OPERATION 

1  Class  C  Ttlagraphy  or  FM  Ttltphony  1 

1  (Kay  Down  Conditions, 

1  Tuba) 

!  D-C  Plata  voltaga  ..... 

400 

1000 

2000  V 

'  D-C  Scraan  voltaga  ..... 

2S0 

2S0 

250  V 

D-C  Grid  voltaga  ...... 

-40 

-50 

-70  V 

D-C  Plata  currant  ...  .  . 

100 

125 

125  ma 

D-C  Scraan  currant  ..... 

40 

37 

35  ma 

D-C  Grid  currant  ...... 

13 

li 

li  ma 

i  Paak  R-F  grid  input  voltaga  •  • 

ITS 

155 

180  V 

Driving  powar  (approx)  ... 

l.l 

2.5 

2.8  w 

Scraan  dissipation  ...... 

10.0 

8.2 

88  w 

Plata  powar  input  ...... 

40 

125 

250  w 

Plata  dissipation  ...... 

12 

30 

50  «r 

j  Plata  powar  output  ..... 

28 

85 

200  w 

THE  ANSWER  TO  THE  TRANSMITTER-MAN'S  PRAYER 

• 

Available  now,  type  4-65A  is  a  small  radiation  cooled,  instant 
heating  tetrode.  Devoid  of  internal  insulating  hardware,  the 
4-65A  was  designed  as  a  transmitting  tube  .  .  .  not  a  blown-up 
receiving  tube.  This  rugged  new  Eimac  tetrode  really  performs 
at  low  voltage,  and  its  instant  heating  thoriated  tungsten  fila¬ 
ment  makes  it  ideally  suited  for  mobile  installations.  The  4-65A 
operates  well  into  the  VHP,  beyond  the  160-Mc.  band,  and  is 
capable  of  delivering  relatively  high-power  with  a  plate  voltage 
range  from  400  to  3000  volts.  As  do  other  Eimac  tetrodes,  type 
4-65A  embodies  the  inherent  characteristics  of  low  grid  drive, 
low  feed-thru  capacitance,  and  general  stability  of  operation. 

Type  4-65A's  versatility  of  operation  is  demonstrated  in  the 
adjacent  data  showing  typical  operation  at  400,  1000,  and  2000 
volts.  Additional  data  on  the  4-65A  are  now  available,  write 
direct. 

EITEL-McCULLOUGH,  Inc. 

1771  San  Mateo  Ave.,  San  Bruno,  California 


Follow  the  Leaders  to 


The  Power  f-f 


EXPORT  AGENTS:  FRAZAR  AND  HANSEN.  TOI  CLAY  STREET 
SAN  FRANCISCO  II,  CALIFORNIA,  U.S.A. 
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SOLITE 


SOLAR  MANUFACTURING 
CORPORATION 

1445  HUDSON  BLVD. NORTH  BERGEN.  N  J 


electronics  edition 


These  hermetically  sealed  small-size  full- 
performance  units  fill  a  long-voiced  de¬ 
mand  on  the  part  of  designers  of  compact 
electronic  devices.  In  Edition,  their  self- 
healing  characteristics  are  a  noteworthy 
improvement  in  the  capacitor  art. 

The  photograph  shows  the  space  saving 
possible  through  the  use  of  a  .25  mf,  400 
wvdc  SOLITE  aluminized  paper  capacitor 
instead  of  a  conventional  foil-paper  unit. 
Mineral-wax  filled  and  impregnated,  SOLITE 
capacitors  are  designed  for  operation  at 
ambient  temperatures  up  to  85C. 

lular  units  are  fur- 


These  metal-encased 
nished  with  both  insulat^  and  uninsulated 
sections  as  Solar  Types  XTILWO  and 
XTGLWO,  respectively. 

For  cardboard  or  plastic  outer  sleeving, 
change  the  letter  "O"  in  the  type  designa¬ 
tion  to  "P"  or  "V"  respectively. 

Preferred  ratings  are  as  follows: 


Catalog 

Nwrnbsrt 


XTILWO2-.05 

XTIIW02-.1 

XTIIW02-.25 

XTIIW02-.5 

XTIIW02-I 

XTIIW02-2 

XTIIW02-4 

XTIIW02-6 


xmwO4-.03 

xmwo4-.i 

XTIIW04-.25 

XTILW04-.5 

XIILW04-I 


Capacitance  Toloranco:  —20,  -t-30  Porcont,  unlott 
othorwiso  ipocifiocl. 

(For  grounded  section  XTGLWO  units,  deduct 
from  length. 

tAdd  '/is"  to  diometer  and  '4'*  fo  length  for  units 
with  cardboard  or  plastic  outer  sleeving, 

*  Trade  Mark 


QUAim  uovi  411; 


Mf 

wvoc 

- - - 

Dim*n«ien$  in 
Inchast 

Diam. 

l-gi’i 

.05 

200 

% 

”Ai 

.1 

200 

Vi* 

.25 

200 

•A 

i'5l 

.5 

200 

1.0 

200 

.670 

I'Vii 

2.0 

200 

.670 

l”Aii 

4.0 

200 

1.0 

6.0 

200 

1.0 

1»%j 

.05 

400 

•A 

.1 

400 

•A 

I'Vn 

.25 

400 

.670 

I'Vii 

.5 

400 

.670 

i»y« 

1.0 

400 

% 

2'y» 

BUSINESS  BRIEFS 

By  W.  W.  MacDONALD 


Normal  Is  The  Word  most  freely 
bandied  about  at  RMA’s  recent 
Chicago  convention  to  describe  the 
state  of  the  radio  receiver  busi¬ 
ness.  Set  manufacturers  now  fully 
realize  that  the  honeymoon  is  over, 
with  all  that  this  implies  regarding 
the  dangers  of  overproduction,  ex¬ 
cessive  inventories,  and  the  need 
for  aggressive  selling. 

Retiring  president  Cosgrove  said 
the  industry  would  produce  18,- 
000,000  home  and  auto  radios  in 
1947,  including  2,000,000  sets  capa¬ 
ble  of  receiving  f-m  programs.  Tele¬ 
vision  receiver  production,  he 
thinks,  might  reach  250,000.  Radio 
receiver  exports  are  at  present  5 
percent  of  the  total,  should  reach 
10  percent  by  the  end  of  the  year. 

Banquet  keynoter  Sarnoff  struck 
an  “all  this  and  heaven  too”  note 
when  hfe  said  that  the  industry  had 
an  extremely  bright  future  selling 
f-m  receivers,  home,  theatre  and 
industrial  television,  and  indus¬ 
trial  electronic  devices,  while  at 
the  same  time  continuing  to  do  a 
good  business  in  conventional  ra¬ 
dios  and,  particularly,  record¬ 
playing  combinations. 

Anti-Excise  Tax  Efforts  on  the 
part  of  radio  receiver  manufactur¬ 
ers,  with  RMA  leading  the  parade, 
continue  in  high  gear.  Our  Wash¬ 
ington  expert  on  matters  pertain¬ 
ing  to  feeling  up  on  the  Hill  says 
it  will  be  strictly  no  dice  this 
session.  Continued  repetition  of 
the  fact  that  radio  is  a  necessity, 
not  a  luxury,  will  nevertheless 
someday  pay  off,  however,  and 
we’re  all  for  it. 

Television  Receivers  are  so 
popular  in  the  taverns  of  Philadel¬ 
phia  that  it  is  not  unusual  for 
people  who  have  just  purchased  a 
set  to  find  a  barkeep  offering  a  pre¬ 
mium  for  it  on  their  doorstep  the 
day  after  the  set  is  installed. 
Philco’s  Jim  McLean  tells  us  that 
an  unofficial  survey  around  town 
indicates  that  pubs  frequently  in¬ 
crease  their  business  threefold  on 
the  nights  good  sports  programs 
are  telecast. 

Our  own  unofficial  surveying 


among  the  taverns  of  New  York, 
Chicago  and  cities  in  between  indi¬ 
cates  that  the  condition  is  wide¬ 
spread. 

Electronic  Equipment  Prices 
concern  just  about  everybody  in 
the  business.  The  other  evening 
Bev  Dudley,  at  one  time  Managing 
Editor  of  Electronics  and  now 
getting  out  MIT’s  Technology  Re¬ 
view,  engaged  in  some  armchair  re¬ 
search  on  th^  subject.  He  thumbed 
through  the  1942  and  1947  catalogs 
of  a  well-known  mail-order  house. 


checking  the  prices  of  comparable 


items,  and  came  up  with  the  fol¬ 
lowing  tabulation: 

Ratio 

Item 

Five-tube  three-way  port- 

1942 

1947 

(%) 

able . 

SIS. 95 

$37.96 

238 

Siz-tuE>e  ac-dc  table  model 

14  es 

34-96 

24,5 

Communications  receiver. 

eS9.60 

363.86 

136 

Communications  receiver. 

979.00 

393.96 

ne 

6V6  beam  tube . 

.64 

.75 

139 

80  rectifier . . 

.St 

.66 

175 

2A3  triode . 

i.ts 

l.SS 

118 

6SK7  pentode . 

.64 

.68 

126 

801A . 

S.46 

3.00 

87 

807 . 

S.60 

9.30 

66 

Test  oscillator . 

99. SS 

48.09 

164 

Audio  oscillator . 

es.io 

114-66 

182 

Signal  generator . 

S6.10 

69.87 

179 

Capacitance  analyser .... 
VU  meter . 

94-40 

34-08 

139 

93.69 

96.87 

110 

Microphone . 

94-99 

30.96 

121 

Microphone . 

12-inch  electrodynamic 

14.70 

16.08 

109 

speaker . 

A-B  battery  pack . 

10.14 

19.40 

191 

S.56 

6.69 

158 

Tuning  capacitor . 

4-mfd  1,000  V.  filter  ca- 

9.40 

3.76 

156 

pacitor . 

4-mfd  1,000  V  filter  ca- 

3.67 

6.68 

152 

pacitor . 

Bell-ringing  transformer, . 
Universal  driver  trans- 

9.79 

4.93 

152 

.46 

.80 

174 

former . 

9.91 

6.10 

231 

Vernier  dial . 

1.65 

1.80 

109 

Crystal . 

7.75 

8.76 

113 

Steel  cabinet . 

3.80 

6.69 

147 

Channel  racks . 

10.70 

16.17 

151 

Our  Industry  is  well  aware  of 
the  fact  that  it  must  sell  itself  to 
other  industries;  that  it  cannot  ex¬ 
pect  the  others  to  beat  a  path  to  its 
door.  Conversation  with  an  engi¬ 
neer  employed  by  one  of  the  larg¬ 
est  automotive  outfits  in  the  coun¬ 
try  enroute  to  Chicago  last  month 
leads  us  to  believe,  however,  that 
this  consciousness  of  the  need  for 
selling  does  not  go  deep  enough. 

Several  electronic  engineers  are 
employed  by  the  automotive  firm 
referred  to  above.  They  are  good 
men.  When  mechanical  and  com¬ 
bustion  engineers  approach  them 
for  help  in  connection  with  a  re¬ 
search  or  design  problem,  and 
tubes  can  solve  the  problem,  the 
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warning  service  aboard  128  trans¬ 
ports.  Several  other  airlines  have 
ordered  samples  for  experimental 
installation,  after  witnessing  dem¬ 
onstrations.  Use  of  two  sets  per 
plane,  one  for  obstacle-warning 
service  and  the  other  for  naviga¬ 
tional  use,  is  a  possibility. 


Technical  Problems  the  Army, 
Navy  and  Coast  Guard  would  like 
to  lick  include  the  following: 

Development  of  8,000-40,000  volt 
rectifier  tubes  having  lower  fila¬ 
ment  drain. 

Storage  batteries  having  more 
satisfactory  performance  at  low 
temperatures. 

More  accurate  gages  to  show  the 
draft  and  trim  of  vessels  at  sea. 

Simpler  roll  indicator  for  ves¬ 
sels. 

Effective  naval  fog  detector. 

Electronic  device  for  instantly, 
positively  and  effectively  igniting 
oil  burners. 

Miniature  radio  transmitter  for 
use  in  lifeboats,  rafts  and  floats. 

Continuous-sampling  combusti¬ 
ble  gas  indicator. 

National  Inventors  Council 
(Washington  25)  can  supply  more 
details. 


TUNED-RIBBON  Pickup 
model  STUDIO  -  81 
( actual  »ixe  —  special 
arm  not  shown) 


•  A  model  for  every 
purpose 


Rotating  Machines  may  soon  en¬ 
counter  stiffer  competition  from 
tubes  in  low-frequency  (10  kc  and 
below)  induction  heating  service. 
Hydrogen  thyratrons  used  as  fre¬ 
quency  converters  appear  to  have 
distinct  possibilities. 


ADMIRABLY  this  revolutionary  NEW  line  by  Audax  bears  out  the 
business  maxim:-— 


“LOOK  TO  THE  LEADER ‘FOR  LEADERSHIP' 


Technicians,  listening  to  the  incomparable  reproduction  of 
TUNED-RIBBON,  have  been  startled  at  the  realism! 

The  technical  side  is  eye-opening  .  .  .  Near-zero  mass;  linear 
response  to  13  kc. ;  practical  output;  point  pressure  of  but  14 
grams;  jewel  point;  torsional  action  eliminated. 

Translated  into  performance  .  .  .  clearcut,  faithful  /oc  simile 
reproduction  that  takes  you  to  the  very  studio  where  the 
program  originated.  Ear-pleasing  (there  ought  to  be  a  word 
in  our  language  for  it)  .  .  .  proving  anew  Audax  right  to  the 
slogan 


One  Reason  Why  business  will 
not  fall  as  far,  or  stay  down  as 
long,  as  it  did  after  the  first  world 
war  is  the  placing  of  large  govern¬ 
ment  contracts  with  our  industry. 
They  won’t  avoid  the  blow.  But 
they  will  soften  it. 


Editorial  Correspondence  runs 
heavily  to  letters  asking'  who 
makes  this  and  that.  Reference 
to  the  Buyers’  Guide,  published  by 
Electronics  in  mid-June,  will  save 
us  all  a  lot  of  time  and  trouble. 


Standard  hfg  Whirh  Othern  Are  Judged  and  Valued 


Yes,  Audax  TUNED-RIBBON  has  pul  something 
into  reproduced  music  that  was  not  there  before 
...  let  YOUR  ears  be  the  final  judge. 
Send  for  literature 


Possibility  Of  Error  in  this  col¬ 
umn  keeps  us  awake  nights.  Should 
one  occur  we  will  probably  fall 
back  on  the  phrase  overheard  in  a 
McGraw-Hill  elevator  the  other 
day.  A  company  researcher  who 
shall  be  nameless  was  heard  to 
remark  that  he  had  been  “misin¬ 
formed  by  a  reliable  source.” 


AIIDAK  COMPAXY 


500  Fifth  Avenue  New  York  18 

CREATORS  OF  FINE  ELECTRO-ACOUSTICAL  APPARATUS  SINCE  1915 
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To  insure  top  performance  and  long  uninterrupted  tube  life,  leading 
manufacturers  of  electron  tubes  cooperated  with  Amphenol  engineers 
in  designing  these  new  Industrial  Sockets.  With  36  types  currently  avail¬ 
able,  and  more  to  come,  Amphenol  Sockets  today  are  available  for 
practically  all  electron  tubes  now  in  use. 

Amphenol  Industrial  Electron  Tube  Sockets  combine  the  best  of  design 
in  terminals,  contacts  and  insulation.  Quick-connect  screw  type  terminals 
simplify  testing  in  original  equipment  and  the  replacement  of  sockets  in 
older  equipment.  Cloverleaf  contacts,  an  exclusive  Amphenol  feature, 
provide  four  full  lines  of  contact  to  the  tube  pins  and  assure  against  loss 
of  conductivity  under  the  heavy  current  loads  of  industrial  applications. 
Insulation  materials  have  been  chosen  to  provide  maximum  physical 
strength,  high  arc-resistance  and  reduced  carbon  tracking.  Barriers 
provide  extra  safety  factors. 

These  Amphenol  Features  Spell  Top  Efficiency 

First  to  comply  with  N.E.M.A.  and  Underwriters’  specifications  for  industrial  equip* 
ment. 

if  Rugged  insulating  barriers  prevent  flashover  and  arcing  in  humid  and  dusty  indus¬ 
trial  applications. 

A’  Reversible  binding  screw  terminals  simplify  wiring  and  maintenance. 
if  Cloverleaf  contacts  .  four  full  length  lines  of  contact  with  each  tube  pin. 

See  your  parit  jobber,  or  write  today,  for  full  technical  and 
cost  data  on  Amphenol  Industrial  Electron  Tube  Socfcefs. 

AMERICAN  PHENOLIC  CORPORATION 

1  830  South  54th  Avenue,  Chicago  50,  Illinois 

COAXIAL  CABLES  AND  CONNECTORS  •  INDUSTRIAL  CONNECTORS,  FITTINGS  AND 
CONDUIT  •  ANTENNAS  •  RADIO  COMPONENTS  •  PLASTICS  FOR  ELECTRONICS 


Mobile  Radio  is  not  without  its 
hazards.  A  friend  of  ours  w’ho 
wanted  to  contact  an  experimen¬ 
tally-equipped  car  the  other  day 
picked  up  his  telephone  and  asked 
for  the  mobile  operator.  After  con¬ 
siderable  delay  a  feminine  voice 
said,  in  a  conventional  manner 
that  made  him  suspicious:  “Num¬ 
ber  please.”  So  he  repeated:  “Is 
this  the  mobile  operator?”  Back 
came  the  voice:  “Yassuh,  this  is 
Mobile . Alabama.” 

Common  Carrier  Service  on  152 
me  for  motoring  doctors,  salesmen 
and  others  who  must  remain  in 
close  contact  with  their  offices  is 
about  to  break  out  of  the  experi¬ 
mental  into  the  commercial  stage 
in  several  cities.  Equipment  will 
probably  be  rented. 

Howard  Hughes’  Radar  for  com¬ 
mercial  airplanes  is  coming  off  pro¬ 
duction  lines  at  the  rate  of  50  per 
w’eek,  with  initial  production  of 
2,000  of  the  low-cost  16-lb  devices 
planned.  First  shipments  went 
largely  to  TWA  for  use  in  obstacle- 


BUSINESS  BRIEFS  (continuad) 

help  is  forthcoming.  That,  says 
our  informant,  is  good  but  not 
good  enough.  He  believes  the  elec¬ 
tronic  engineers  should  familiarize 
themselves  with  the  work  being 
done  by  other  engineers  in  the 
plant  so  that  they  can  voluntarily 
suggest  possible  solutions,  clinches 
his  argument  by  insisting  that  the 
firm’s  electronics  department  is  a 
service  department,  just  as  the 
safety  department  is  a  service  de¬ 
partment . and  who  ever  heard 

of  research  and  development  peo¬ 
ple  asking  safety  people  for  help? 


Taxicab  Radio  System  construc¬ 
tion  permits,  issued  up  to  July  1  by 
the  FCC  totalled  1,400  (10,000  mo¬ 
bile  units).  As  near  as  we  can  find 
out,  217  systems  (2,377  mobile 
units)  have  been  installed  by  one 
manufacturer,  and  another  50  sys¬ 
tems  have  been  installed  by  other 
companies.  Many  more  have  been 
sold  but  not  delivered. 

Figures  we’ve  seen  on  the  cost 
of  taxicab  radio  vary  from  67<  to 
$1.40  per  day,  per  cab,  for  a  50- 
cab  fleet.  This  covers  amortization 
of  the  cost  of  the  equipment,  in¬ 
stallation,  and  maintenance.  Dis¬ 
patcher’s  time  is  not  included. 
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►  HARTLEY  .  .  .  Hartley’s  law,  that  the  amount  of 
information  that  can  be  transmitted  in  a  given  time 
is  proportional  to  the  bandwidth  of  the  circuit,  has 
always  seemed  an  unchallengeable  fact  of  nature. 
But  now  comes  word  that  the  law  is  up  for  revision. 
We  have  it  from  W.  G.  Tuller,  of  MIT’s  Research 
Laboratory  of  Electronics,  now  completing  a  doctor’s 
thesis  on  this  subject.  He,  among  others  including 
Professor  Wiener  of  MIT  and  C.  R.  Shannon  of  the 
Bell  Labs,  has  proved  that  the  Hartley  rule  must  take 
into  account  noise  as  well  as  signal.  The  old  law  said 
that  the  product  of  bandwidth  and  time  was  a  con¬ 
stant  for  a  given  amount  of  information.  The  revised 
law  says  that  the  bandwidth-time  product  should  be 
multiplied  by  In  (1  -f-  S/N)  where  S/N  is  the  signal- 
to-noise  ratio.  In  a  noise-free  circuit,  this  multiplier 
becomes  infinite,  so  a  finite  amount  of  information 
can  be  sent  in  zero  time  on  any  old  bandwidth.  The 
practical  man  knows  this  just  ain’t  so.  The  rejoinder 
is  that  all  circuits  do  in  fact  transmit  noise,  so  the 
multiplier  is  not  infinite.  But  it’s  not  necessarily 
unity  either,  as  Hartley  implied.  One  important 
result  of  the  analysis  is  that  all  modulation  schemes 
(a-m,  f-m,  ptm,  and  so  on)  are  essentially  identical 
in  their  ability  to  transmit  information  in  a  given 
bandwidth  with  a  given  signal-to-noise  ratio,  a  fact 
long  suspected.  Only  apparatus  limitations  (real 
though  they  are)  give  f-m  any  noise  advantage  over 
that  possible  from  new  a-m  techniques  when  both  use 
the  same  bandwidth.  Moreover  the  theory  indicates 
that  none  of  the  modulation  methods  now  used  is  as 
effective  in  combating  noise  as  it  might  be.  There  is 
as  yet  no  published  reference  on  this  subject,  but 
several  papers  are  expected  in  the  forthcoming 
months.  Our  guess  is  that  the  new  theory,  like  many 
another  in  the  history  of  physical  science,  will  open 
new  doors  in  practical  technology.  As  soon  as  we  find 
I  a  presentation  of  the  theory  in  engineer’s  language, 
we’ll  print  it. 


►  FIDELITY  .  .  ,  We  commend  the  article  by  Harry 
Olson  which  appears  on  page  80  of  this  issue.  Taking 


TALK 


a  new  slant  on  the  question  of  audience  desires. 
Dr.  Olson  set  up  a  system  for  changing  fidelity  acous¬ 
tically,  thus  eliminating  many  questions  rooted  in  the 
electrical  performance  of  the  system.  He  concludes 
that  audiences  prefer  music  as  played,  not  doctored, 
but  hastens  to  add  these  conclusions  are  hot  neces¬ 
sarily  at  variance  with  the  findings  of  other  investi¬ 
gators,  since  the  methods  of  measurement  are 
radically  different.  We  take  great  heart,  nonetheless, 
from  this  evidence  that  listeners  do  prefer  truly 
natural  reproduction,  even  though  we  have  as  yet, 
apparently,  no  electrical  system  faithful  enough  to 
demonstrate  the  fact. 


►  UL'TRAFAX  ...  On  this  page  last  January  we 
considered  the  future  possibility  of  facsimile  trans¬ 
mission  on  television  channels,  pointing  out  that  the 
television  bandwidth  is  wide  enough  to  handle  108,- 
000  complete  facsimile  pages  per  hour.  Such  is  the 
speed  of  our  industry  that  we  now  read,  some  seven 
months  later,  of  the  Ultrafax  system,  described  by 
Niles  Trammel  of  NBC  testifying  before  the  Senate 
Commerce  committee.  Developed  by  RCA  and  billed 
as  “television  used  for  communications”,  the  new 
system  is  to  operate  at  1,000,000  words  a  minute. 
Each  transmitted  page  is  handled  as  a  single  frame 
of  a  television  image  and  is  separately  photographed 
at  the  receiving  end.  Mr.  Trammel  cited  this  device 
as  evidence  that  radio  broadcasting  was  fast  getting 
into  the  printing  business,  and  deserves  freedom  of 
expression  under  the  law  equal  to  that  enjoyed  by 
the  newspapers.  Being  in  the  publishing  business 
ourselves,  we  extend  the  hand  of  brotherhood  to  the 
broadcasters.  But  we  pale  before  the  cavernous  maw 
of  Ultrafax,  busily  ingesting  60  million  words  an 
hour.  We  have  enough  trouble  getting  together  100,- 
000  words,  more  or  less,  each  month.  A  big  newspaper 
publishes  less  than  200,000  words  a  day.  So  beware, 
broadcasters,  and  get  those  typewriters  oiled. 
There’s  big  doings  ahead. 


MALLORY 

Cardboard 

Tubular  Electrolytic 

CAPACITORS 


Round  table  method  of  pouring  end  seals  at  Mallory  Plant 


We  put  more  into  them  .  .  .  You  get  more  out  of  them 
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Send  for  Mallory  Capaci¬ 
tor  Catalog  which  contains 
useful  data  on  tubulars 
and  on  other  Mallory  elec¬ 
trolytic  Capacitors. 


Dependable  performance  at  low  cost  Kas  won  widespread  popularity 
for  cardboard  tubular  electrolytic  Capacitors  in  low  priced  equipment 
where  operating  conditions  are  not  severe.  Mallory  tubulars  are  made  under 
the  same  rigid  processing  and  inspection  methods  that  haved  earned  for 
Mallory  Capacitors  a  world  wide  reputation  for  highest  quality. 

The  extra  inner  seal,  generous  end  seals  and  controlled  freedom  from  con¬ 
tamination  in  handling  provide  the  extreme  reliability  for  which  they  are 
noted.  Their  long  life,  their  ability  to  survive  high  temperatures  and  heavy 
ripple  currents  are  due  to  unique  processing  operations  developed  in  nearly 
twenty  years  of  research  experience. 


IMLLUK  I  CAPACITORS 
{ELECTROLYTIC,  OIL  and  WAX) 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 
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Range  Piefeience 

FOR  SPEECH  AND  MUSIC 


Live  talent  played  popular  music,  and  people  familiar  and  unfamiliar  to  an  audience 
talked.  An  acoustical  filter  consisting  of  movable  panels  was  introduced  to  cut  off  response 

at  5,000  cycles.  Results  are  presented  here 
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FIG.  1 — Plan  view  of  the  room  in  which  the  tests  were  conducted,  and  a  sectional  view  of 
the  acoustical  filter.  Electrical  equivalent  of  the  filter,  and  a  graph  showing  response- 
frequency  characteristic,  are  also  shown  (Above) 


FIG.  2 — Frequency-range  preference  of  1,000  listeners  on  popular  music  (Right) 


bass,  drums  and  traps.  Popular 
music  was  used  for  a  major  portion 
of  the  tests.  The  orchestra  was  bal¬ 
anced  for  the  most  pleasing  condi¬ 
tion.  The  balance  was  checked  by 
competent  musical  directors. 

The  listeners  were  selected  from 
random  visitors  to  the  Laborato¬ 
ries.  They  were  brought  into  the 
room  and  told  that  there  was  a 
source  of  music  behind  the  curtain 
which  would  be  rendered  under  two 
conditions,  namely,  A  and  B  as  de¬ 
picted  on  the  indicator,  and  that  the 
two  conditions  would  change  every 
15  seconds.  The  listeners  were 
asked  to  vote  for  the  condition 
which  they  preferred  on  a  ballot 
provided  for  this  purpose. 


Over  1,000  listeners  participated 
in  the  tests.  The  aggregate  results 
of  all  the  musical  tests  are  shown  in 
Pig.  2.  It  will  be  seen  that  there 


is  a  preponderant  preference  for 
the  full  frequency  range. 

Tests  were  made  on  speech,  where 
the  listeners  were  familiar  with  the 
speaker’s  voice.  Under  these  condi¬ 
tions,  the  listeners  felt  that  there 
was  a  detrimental  change  in  the 
voice  when  the  frequency  range  was 
restricted  to  the  5,000-cycle  low- 
pass  transmission. 

In  tests  in  which  the  listeners 
were  not  familiar  with  the  speak¬ 
er’s  voice,  the  majority  voted  for 
the  full  range.  The  comments  on 
the  restricted  range  were  as  fol¬ 
lows  :  “muffled”,  “muddy”,  “mushy”, 
“lacking  in  intimacy”,  “pushed 
back”,  “not  as  intelligible”. 

Conclusion 

The  results  of  the  test  do  not  co¬ 
incide  with  most  of  the  results  ob¬ 
tained  on  monaural  reproduced 
sound.  In  the  case  of  reproduced 
sound,  there  appears  to  be  a  pre¬ 


ponderant  preference  for  a  re¬ 
stricted  frequency  range. 

The  results  of  the  test  reported 
here  appear  to  rule  out  the  first  two 
reasons  for  the  preference  of  a 
restricted  frequency  range  in  repro¬ 
duced  sound  outlined  in  the  intro¬ 
duction,  namely:  (A)  That  the 
average  listener  after  years  of 
listening  to  the  radio  and  phono¬ 
graph  has  become  conditioned  to  a 
restricted  frequency  range  and 
feels  that  this  is  the  natural  state 
of  affairs.  (B)  That  musical  in¬ 
struments  are  not  properly  de¬ 
signed  and  would  be  more  pleasing 
and  acceptable  if  the  production  of 
fundamentals  and  overtones  in  the 
high-frequency  range  were  sup¬ 
pressed. 

There  remains  one  other  reason 
for  a  preference  of  a  restricted  fre¬ 
quency  range  in  reproduced  sound, 
namely,  the  distortions  (C)  out¬ 
lined  in  the  introduction. 
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MoTobl*  pcmels  between  audience  and  talent  permitted  response  to  be  cut 
oU  at  5.000  cycles..  Panels  were  concealed  by  o  curtain  during  octual  tests 


SUBJECTIVE  TESTS  of  frequency 
range  preference  of  repro¬ 
duced  sound  have  been  made  by 
various  organizations  from  time  to 
time.  These  tests  appear  to  indi¬ 
cate  that  the  average  listener  pre¬ 
fers  a  restricted  frequency  range  in 
monaural  reproduced  speech  and 
music. 

There  are  three  possible  reasons 
for  the  results  of  these  tests,  as  fol¬ 
lows:  (A)  That  the  average  list¬ 
ener  after  years  of  listening  to  the 
radio  and  phonograph  has  become 
conditioned  to  a  restricted  fre¬ 
quency  range  and  feels  that  this  is 
the  natural  state  of  affairs.  (B) 
That  musical  instruments  are  not 
properly  designed  and  would  be 
more  pleasing  and  acceptable  if  the 
production  of  fundamentals  and 
overtones  in  the  high-frequency 
range  were  suppressed,  (C)  That 
the  distortions  and  deviations  from 
true  reproduction  of  the  original 
sound  are  less  objectionable  with  a 
restricted  frequency  range. 

Distortions 

The  distortions  and  deviations 
from  true  reproduction  of  the  orig¬ 
inal  sound  are  as  follows: 

(1)  Amplitude  distortion 

(2)  Nonlinear  distortion 

(3)  Spatial  distriluition 

(a)  Relatively  small  source 
(b)  Separate<i  sources  in  two-way 
loudspeaker  system 


(C)  Nonuniform  directional  pat¬ 
tern  with  respect  to  fre¬ 
quency 

(4)  Single  channel  system 

(5)  Phase  distortion 

(6)  Transient  distortion 

(7)  Microphone  placement  and  balance 

(8)  Acoustics  of  two  rooms,  the  pickup 
studio  and  the  listening  room 

(9)  Limited  dynamic  range 

(10)  Difference  in  level  of  the  original 
and  reproduced  sound 

(11)  Noise 

To  obtain  a  better  understanding 
of  the  reason  for  the  preference  of 
a  restricted  frequency  range  in  re¬ 
produced  sound,  a  fundamental  all¬ 
acoustic  test  of  frequency  range 
preference  was  made.  A  small  or¬ 
chestra  was  used  for  the  source  of 
sound  in  this  test.  An  acoustical 
filter  was  placed  between  the  or¬ 
chestra  and  the  listeners  and  ar¬ 
ranged  so  that  the  filter  could  be 
turned  in  or  out. 

Room  and  Filter 

The  floor  plan  of  the  room  and 
the  general  arrangement  of  the  test 
is  shown  in  Fig.  1.  The  room  was 
designed  to  be  the  acoustical  equiva¬ 
lent  of  an  average  living  room  and 
is  24  feet  long,  20  feet  wide  and 
feet  high.  It  is  partially  fin¬ 
ished  in  acoustical  plaster  backed 
by  two  inches  of  Rockwool.  A 
wainscoat  extends  up  four  feet 
from  the  floor.  Drapes  are  also  used 
to  cover  a  part  of  the  wall  surface. 

The  reverberation  -  time  fre¬ 
quency  characteristic  approximates 


that  of  a  typiftal  living  room  of  this 
size  in  a  home  or  apartment.  The 
average  ambient  noise  level  in  the 
room  without  the  orchestra  or  lis¬ 
teners  is  30  decibels. 

The  acoustical  filter  used  in  the 
tests  consisted  of  two  sections.  A 
sectional  view  of  the  acoustical  net¬ 
work,  the  electrical  equivalent,  and 
response  characteristics  are  shown. 

The  filter  was  made  in  the  form 
of  elements  one  foot  wide  by  eight 
feet  in  length.  These  elements  were 
pivoted  at  the  top  and  bottom  so 
that  the  filter  could  be  placed  in  or 
out  of  operation  by  turning  the  en¬ 
tire  group  of  elements  by  means  of 
a  lever.  Overlapping  strips  backed 
with  felt  gaskets,  together  with 
weights,  insured  a  soundproof  joint 
with  the  filter  in  the  operating  posi¬ 
tion. 

The  response-frequency  charac¬ 
teristic  of  the  filter  approximates 
very  good  commercial  radio  or  pho¬ 
nograph  reproduction  in  the  high- 
frequency  range.  A  cloth  curtain 
was  used  to  cover  the  filters  so  that 
listeners  could  not  see  what  trans¬ 
pired  behind  the  curtain.  The  loss 
in  response  introduced  by  the  cloth 
curtain  is  negligible.  The  parti¬ 
cular  condition,  that  is,  the  full  fre¬ 
quency  range  or  the  5,000-cycle  low- 
pass  transmission,  was  depicted  on 
a  frequency  indicator. 

Test  Procedure 

The  orchestra  used  in  the  tests 
was  composed  of  six  semi-profes¬ 
sional  musicians.  The  following 
instruments  were  used:  piano, 
trumpet,  violin,  clarinet,  contra- 
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their  vessels  after  long  flights,  and 
added  to  the  utility  of  small  ves¬ 
sels  used  as  emergency  seadromes. 
Usually  planes  on  completing  long 
flights  had  to  let  down  through 
overcast,  for  which  positions  had 
to  be  furnished.  Radar  fixes  were 
provided  by  the  air  search  equip¬ 
ments.  Aircraft  were  usually 
picked  up  on  return  flights  at  about 
80  miles  and  vectored  in. 

Under  conditions  where  the  sun 
could  not  be  used  for  compass  check 
after  outgoing  planes  were  air¬ 
borne,  radar  provided  the  naviga¬ 
tors  with  fixes  for  checking  course 
and  ground  speed.  In  all  cases,  air 
search  equipment  definitely  reduced 


were  put  to  critical  trial.  It  was 
used  very  successfully  in  detecting 
icebergs  and  growlers,  in  finding 
openings  in  the  ice  pack  through 
which  columns  of  thin-skinned  ves¬ 
sels  had  to  break  their  way,  and 
in  conning  vessels  through  concen¬ 
trations  of  huge  icebergs  that  al¬ 
most  defy  imagination  of  bulk,  fear¬ 
ful  aspect,  and  number. 

Surface  search  equipment  was 
used  successfully  as  ground-con¬ 
trolled  approach  equipment  on  cer¬ 
tain  vessels.  At  close  ranges  planes 
could  be  vectox'ed  into  an  ice-free 
area  for  landing.  One  vessel  in  a 
dense  fog  successfully  vectored  a 
plane,  taxiing  on  the  surface,  four 


Electronics  as  used  during  the 
latest  U.  S.  Navy  Antarctic 
Expedition  served  three  good  pur¬ 
poses:  it  substantially  reduced  the 
magnitude  and  number  of  hazards 
commonly  associated  with  the  ven¬ 
turing  of  numbers  of  ships,  air¬ 
craft,  and  personnel  into  such  wild, 
bitter,  unexplored  territory;  it  per¬ 
mitted  certain  operations  hitherto 
impossible;  and  the  use  of  stand¬ 
ard  and  experimental  electronic 
equipment  under  the  conditions  of 
the  expedition  gave  information  of 
considerable  value  in  future  design 
and  operation  of  that  and  other 
equipment. 

The  purpose  of  this  article  is  to 


describe  as  completely  as  possible 
some  of  the  operational  and  experi- 


miles  through  ice-flecked  water. 
Solid  indications  were  obtained 


hazards  attending  air  operations 
in  areas  where  navigation  was 


mental  uses  to  which  electronic  from  the  plane  as  well  as  from  all  difficult. 

equipment  was  put,  while  still  re-  pieces  of  ice  large  enough  to  dam-  Fire  control  radar  equipment  on 
maining  within  the  restrictions  im-  age  the  plane’s  very  thin  hull.  The  two  vessels  was  used  in  observing 


posed  by  governmental  security  sea  at  that  time  was  quiet  and  the  wind  speed  and  direction  at  high 


regulations. 

Radar  in  Ice 

Radar  did  not  find  a  new  use 
during  this  operation,  but  old  uses 


•2 


smallest  pieces  of  ice  showed  up  altitudes.  Corner  reflectors  borne 


clearly  on  the  indicator. 

Air  search  equipments  proved 
invaluable  to  seaplane  tenders  in 
enabling  patrol  planes  to  return  to 


aloft  by  aerological  balloons  were 
tracked  with  these  equipments  out 
to  ranges  near  55,000  yards,  with 
an  average  range  of  about  40,000 
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Standard  Navy  shipboard  and  aircraft  communications  equipment  installed  at  tem¬ 
porary  base  camp  on  Antarctic  ice 


Effectiveness  of  electronic  equipment  on  recent  U.  S.  Navy 
expedition,  including  radar  and  sonar  for  ships  among  ice¬ 
bergs,  radar  and  GCA  for  air  navigation,  radio  for  com¬ 
munication,  broadcasting,  teletype,  and  radiophoto,  and 
an  airborne  magnetometer  for  aerial  surveying 


yards  to  signal  fadeout.  Valuable 
wind  information  was  obtained  in 
this  manner,  which  substantially  re¬ 
inforced  the  framework  of  weather 
information  so  vital  to  operations 
of  this  nature.  Because  of  weather 
conditions  there  would  have  been 
no  other  way  to  obtain  this  infor¬ 
mation. 

A  relatively  new,  very  high  defi¬ 
nition  radar  proved  of  great  value 
to  the  icebreaker  carrying  it  in 
working  in  the  ice,  in  detecting 
small  targets  that  other  equipments 
missed,  and  in  gaining  greater  de¬ 
tail  in  targets  of  all  sorts.  During 
one  phase  of  the  operation  photo¬ 
graphs  made  of  the  plan-position  in¬ 
dicator  of  this  equipment  enabled 
hydrographers  to  complete  a  useful 
and  accurate  coastal  survey  of  a 
group  of  islands  which  at  that  time 
were  shrouded  in  fog  such  that 
aerial  photography  was  impossible. 

Three-  and  ten-centimeter  radars 
proved  very  dependable  in  reducing 
navigational  hazards  associated 
with  icebergs  and  other  dangerous 
masses.  With  such  radars,  ice¬ 


bergs  over  200  feet  high  were  re¬ 
liably  detected  at  more  than  40,030 
yards,  smaller  icebergs  at  an  aver¬ 
age  of  35,000  to  40,000  yards, 
growlers  of  various  sizes  at  an 
average  of  7,000  to  8,000  yards,  and 
pack  ice,  floating  loose  pack,  and 
brash  at  up  to  13,000  yards.  An¬ 
tenna  height  was  about  100  feet, 
and  equipment  was  in  design-stand¬ 
ard  operation. 

In  most  cases  a  sizable  portion 
of  the  top  of  the  berg  was  project¬ 
ing  into  the  line  of  sight  before 
the  tilted  or  rounded  peak  returned 
a  signal  sweeping  low  enough  to 
intercept  the  radar  antenna.  On 
very  clear  days  the  peaks  of  the 
largest  icebergs,  reflecting  much 
light  from  all  angles,  frequently 
were  visible  through  glasses  before 
the  returning  radar  signal  swept 
low  enough  to  be  detected. 

Air  search  equipment  proved  in¬ 
ferior  to  microwave  surface  search 
equipments  for  detecting  ice.  Ice 
was  detected,  but  at  generally 
shorter  ranges.  The  relatively 
poor  definition  inherent  in  air 


search  was  a  marked  disadvantage 
in  its  use  against  dangerous  ice 
masses,  although  the  prime  func¬ 
tion  of  the  equipment,  that  of  de¬ 
tecting  and  determining  range  and 
azimuth  of  aircraft,  remained  just 
as  important  and  just  as  effective 
in  high  latitudes  as  anywhere  else. 

Sea  return,  the  radar  indicator 
clutter  caused  by  return  signals 
from  the  surface  of  the  sea,  proved 
to  be  a  limiting  factor  in  the  de¬ 
tection  of  small  icebergs  and  growl¬ 
ers.  Following  an  inverse  fourth- 
power  relationship  with  range,  in 
rough  seas  it  extended  out  some¬ 
times  to  the  maximum  range  at 
which  small  ice  masses,  still  large 
enough  to  damage  the  vessel,  could 
be  detected.  In  this  way  a  hazard 
was  introduced,  for  growlers  not 
detected  before  they  came  within 
the  radius  of  sea  return  conceivably 
could  ngt  be  detected  by  radar  at 
all.  Actually,  however,  all  ice 
masses  dangerous  to  navigation 
were  detected  in  time  to  be  avoided. 
Reduction  of  the  gain  of  the  re¬ 
ceiver,  and  judicious  use  of  such 
controls  as  fast  time  constant  and 
time-varied  gain  proved  of  some 
value  in  circumventing  these  diffi¬ 
culties. 

Meteorological  conditions  such  as 
fog,  rain,  snow,  and  weather  fronts 
were  factors  worth  considering.  It 
is  known  that  these  effects  attenu¬ 
ate  the  radiated  and  reflected  en¬ 
ergy,  the  degree  varying  in  in¬ 
dividual  cases.  No  serious  handicap 
was  apparent,  but  the  lack  of  finite 
evidence  of  such  handicap  should 
not  deter  from  normal,  common- 
sense  precautions.  On  occasions, 
icebergs  were  detected  at  twenty 
or  more  miles  through  very  dense 
snowstorms;  but  those  same  snow’- 
storms  completely  obscured  all  tar¬ 
gets  in  the  immediate  vicinity  of 
the  vessel. 

No  equipment  failed  utterly  be¬ 
cause  of  weather  conditions.  Diffi¬ 
culties  were  had  with  high  winds 
blowing  on  rotating  antennas  and 
placing  unusual  loads  on  their  drive 
motors.  One  case  was  reported 
where  the  high  winds  forced  water 
into  a  drive  motor  and  drowned 
it.  These  difficulties  were  met  by 
alert  maintenance  personnel.  For 
the  most  part  the  materiel  held  up 
well  under  the  conditions  encoun¬ 
tered  by  the  task  force  and  is  a 
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credit  to  the  painstaking  effort 
of  designers  and  manufacturers 
throughout  the  country. 

SoMr  la  lea 

Sonar  found  use  as  a  substantial 
aid  in  navigation  of  icewater. 
Water  temperatures  in  the  ice  re¬ 
gions  consistently  lay  near  32  de¬ 
grees  Fahrenheit,  dropping  as  low 
as  29  degrees  in  some  areas.  Great 
uniformity  of  water  temperatures 
and  linear  temperature  distribution 
patterns  made  conditions  for  sound 
propagation  in  Antarctic  waters  ex¬ 
cellent  beyond  expectations.  There 
were  exceptions  to  this,  but  in  a 
characteristic  area  the  predominant 
pattern  showed  an  isothermal  sur¬ 
face  layer  between  60  and  80  feet 
in  depth,  a  slight  negative  gradient 
between  80  and  300  feet,  and  a 
slight  positive  gradient  extending 
below  300  feet.  Deviation  from 
strictly  isothermal  conditions  was 
seldom  in  excess  of  a  few  degrees. 

The  only  abnormality  in  opera¬ 
tion  of  the  equipment  was  asso¬ 
ciated  with  changes  in  water  tem¬ 
perature  affecting  the  resonant 
frequencies  of  magnetostriction 
sound  projectors,  necessitating  mi¬ 
nor  adjustments  of  driver  frequen¬ 
cies  by  maintenance  personnel. 
This  in  no  way  constituted  a  diflS- 
culty,  for  the  tuning  range  of  the 
drivers  is  invariably  broad  enough 
to  include  any  conceivable  change 
in  resonance  characteristics  of  the 
projectors. 

Sonar  became  of  great  value  in 
detecting  ice  targets  during  condi¬ 
tions  of  reduced  visibility.  Vessels 
carrying  horizontal  echo-ranging 
equipment  used  it  in  conjunction 
with  radar  with  excellent  results. 
Sonar  detected  ice  masses  too  small 
to  be  detected  by  radar  through 
sea  return,  even  when  swells  as 
high  as  six  and  eight  feet  were 
encountered. 

Sonar  was  not  so  trustworthy 
when  storms  and  heavy  seas  were 
encountered.  Under  these  sea  con¬ 
ditions  the  effectiveness  of  the 
equipment  was  reduced  because  of 
water  noises  and  rolling  of  the 
ships.  One  destroyer  rolled  50  de¬ 
grees  under  these  conditions,  and 
an  ice-breaker  topped  that. 

During  moderately  calm. periods, 
and  when  water  conditions  were 
at  their  best,  sonar  could  be  de¬ 


pended  on  to  detect  icebergs  at 
3,000  to  4,000  yards,  growlers  at 
1,500  to  2,000  yards,  and  pack  ice 
or  brash  at  up  to  2,000  yards. 

Ranges  checked  within  20  to  30 
yards  of  radar  ranges  taken  simul¬ 
taneously,  with  a  percentage  rather 
than  fixed  error.  The  velocity  of 
sound  through  salt  water  varying 
with  temperature  possibly  accounts 
for  the  discrepancy.  Bearings  ob¬ 
tained  checked  usually  within  two 
degrees  of  the  radar  bearings.  It 
must  be  remembered,  however,  that 
the  target  definition  of  sonar  is  not 
to  be  compared  with  that  of  surface 
search  radar,  so  greater  errors,  in 
azimuth  determination  may  be  ex¬ 
pected  with  the  sonar  equipment. 

One  vessel  conducted  a  few  ex¬ 
periments  to  determine  the  utility 
of  echo  depth-sounding  equipment 
for  studying  the  temperature  and 
other  refractive  layers  commonly 
responsible  for  reverberations. 
This  study  bears  relationship  to  the 
study  of  marine  life  and  is  also 
of  military  value  to  the  Navy.  Re¬ 
fractive  layers  were  found  at  vary¬ 
ing  depths  even  in  areas  where  the 
temperature  distribution  pattern  is 
substantially  vertical  or  linear. 
This  tends  to  indicate,  especially  in 
the  light  of  oceanographic  studies 
of  planktonic  forms  of  animal  life 
in  these  regions,  that  it  was  layers 
of  concentrations  of  these  micro¬ 
scopic  organisms  that  comprised 
the  refractive  media  which  gave 
return  signals.  Knowledge  of  the 
behaviour  of  any  such  refractive 
area  is  of  great  interest  to  design¬ 
ers  of  Navy  echo-ranging  equip¬ 
ment,  especially  that  used  in  sub¬ 
marine  warfare. 

Sonar  also  found  a  use  in  the 
study  of  marine  life.  The  ability 
of  underwater  sound  equipment  to 
detect  whales  was  noted,  and  fu¬ 
ture  operations  of  this  nature  may 
provide  much  information  on  habits 
of  whales. 

Radio  Teletype 

The  radio  teletype  system  estab¬ 
lished  between  the  USS  Mount 
Olympus,  at  or  near  the  Bay  of 
Whales,  and  Washington,  D.  C. 
was  used  extensively  in  passing 
high-priority  radio  traffic  to  Wash¬ 
ington.  Approximately  half  a  mil¬ 
lion  words  of  press  copy  were  trans¬ 
mitted  in  this  manner  from  Antarc- 


Antarctic  ice  pack  at  seen  on  ppi  screen 
of  10-cm  radar  using  4-mile  scale.  Though 
ice  rose  only  few  feet  out  of  water  at  this 
point,  it  was  detected  at  10,000  yards 


Icebergs  and  growlers  (dense  icebergs 
floating  mostly  under  water)  as  seen  with 
10-cm  radar  using  20-mile  scale.  Some  of 
the  bergs  are  up  to  300  feet  high  and 
1.000  feet  long.  Sea  return  is  moderate 

tica  to  Washington  during  the 
course  of  the  operation. 

Radio  Washington  had  little  diffi¬ 
culty  in  obtaining  perfect  copy  for 
an  average  of  over  thirteen  hours 
per  day.  Rhombic  antennas  and 
an  elaborate  diversity  receiving 
system  were  used  at  the  Washing¬ 
ton  end,  the  antennas  trained  ex¬ 
actly  on  Little  America.  The 
flagship  was  using  standard  type 
19  teletypewriter  tables  operating 
through  Navy  type  FSA  Western 
Electric  frequency  shift  keyers  into 
one-kilowatt  transmitters  connected 
to  vertical  single-wire  antennas  in 
a  characteristic  Navy  installation. 
Frequencies  in  the  12,  17,  and  21 
me  bands  were  found  the  most  ef¬ 
fective. 

In  spite  of  the  fact  that  Radio 
Washington  had  rhombic  transmit¬ 
ting  antennas  beamed  on  Antarc¬ 
tica,  reception  by  the  Mount  Olym¬ 
pus  was  severely  limited  by  high 
interference  level.  Local  transmit- 
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Badar  and  radio  antennas  on  USS  Pine  Island,  one  of  the  ships  taking  part  in  recent 
U.  S.  Nary  Antarctic  Expedition.  Despite  large  sise  oi  parabolic  reflector,  the  P-bond 
air  search  radar  on  this  ship  did  not  giye  Tery  good  definition  on  ice  targets 


ters,  being  used  on  high  power  to  mencing  at  0600  GCT  and  lasting 
reach  the  remotely-located  Eastern  usually  three  to  four  hours,  that 
and  Western  Task  Group  com-  time  found  the  most  dependable, 
manders,  interfered  badly  with  Frequencies  in  the  9  and  13  me 
reception  from  Washington.  Stand-  bands  were  used  for  transmitting 
ard  shipboard  receiving  equip-  and  the  13  me  band  for  receiving, 
ment  was  used,  operated  through  Other  frequencies  were  available, 
model  FRA  RCA-manufactured  but  these  were  found  to  provide 
frequency  shift  converters;  receiv-  the  best  circuit  conditions  during 
ing  antennas  were  the  usual  ship-  the  times  chosen  for  schedules, 
board  single-wire  verticals.  An  Acme  type  CNP  telephoto 

Directional  antennas  were  erected  transceiver  was  used  wdth  a  model 
at  the  camp  at  Little  America  but  FSD  Press  Wireless  frequency¬ 
time  limitations  prevented  their  shift  keyer.  One  kilowatt  of  r-f 
being  used  operationally ;  they  were  power  and  a  single-wire  vertical 
used  for  tests  only,  a  few  messages  radiator  were  used  in  the  trans¬ 
being  transmitted  manually.  There  missions.  This  equipment  was 
is  little  doubt  that  had  the  same  monitored  with  a  standard  Navy 
radio  teletype  equipment  been  used  shipboard  receiver,  an  oscilloscope, 
with  these  antennas  both  trans-  and  audio  signal  generator, 
mission  and  reception  would  have  The  urgency  of  other  communica- 
been  vastly  improved.  tions  and  the  volume  of  outgoing 

picture  traffic  prevented  much  ex- 

Radio  photoaroAhft 

perimenting  on  reception  by  the 
The  Mount  Olympus  maintained  ship,  and  only  a  few  pictures  were 
radiophoto  circuits  with  Radio  received.  Two  pictures  of  very 
Washington  and  Radio  San  Fran-  good  quality  were  received  by  the 
cisco  throughout  the  operation.  A  ship  while  moored  at  Little  Amer- 
daily  schedule  was  maintained  com-  ica. 
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At  best  the  results  in  general 
could  be  considered  fair.  The  ma¬ 
jority  of  pictures  transmitted  were 
fair  to  good,  with  a  few  of  excel¬ 
lent  quality.  About  190  7-inch  by 
9-inch  pictures  were  transmitted 
to  the  Office  of  Public  Information. 

To  provide  these,  many  pictures 

were  transmitted  more  than  once, 

either  on  the  same  schedule  or  on 

following  schedules.  Altogether 

about  390  transmissions  were  in-  j 

volved. 

The  long  distance  separating  | 

Antarctica  and  continental  United  i 

States  and  the  need  for  directional 
antennas  were  the  chief*  reasons 
why  the  results  were  not  better. 

Radiophoto  requires  somewhat  bet¬ 
ter  signal-to-noise  ratios  than  man¬ 
ual  telegraphy  or  radio  teletype, 
and  increased  transmitter  power 
or  the  benefit  of  directional  an¬ 
tennas  would  have  been  the  only 
means  T)f  increasing  the  volume 
or  bettering  the  quality  of  pictures 
transmitted. 

Radio  Broadcasting  From  tho 
Mount  Olympus 

About  two  w’eeks  before  the  Task 
Force  sailed  from  U.  S.  ports  the 
operation  was  declassified  and  it 
was  learned  that  radio  networks 
would  provide  representatives  to 
parti(Spate  in  broadcast  work. 

The  Mount  Olympus  was  chosen 
to  do  the  transmitting.  At  that 
time  the  only  transmitters  installed 
on  board  suitable  for  broadcast 
work  were  two  Westinghouse  350- 
watt  Navy  model  TBM-7  equip¬ 
ments.  Obviously  these  transmit¬ 
ters  would  not  serve  the  desired 
purpose  because  of  their  low*  power 
and  the  9,000  statute  miles  separat¬ 
ing  Long  Island  from  Antarctica. 
Accordingly  a  Collins,  Navy  model 
TDH-4,  2,500-watt  phone  trans¬ 
mitter  was  provided  for  installa¬ 
tion. 

The  TDH-4  equipment  was  de¬ 
signed  for  shore  use  where  230-volt, 

3-phase  power  and  an  abundance 
of  space  are  provided.  Special 
transformers  were  provided  ini¬ 
tially  to  make  available  the  neces¬ 
sary  voltage,  but  getting  the  bulky 
units  of  the  equipment  in  place  on 
board  and  erecting  suitable  anten¬ 
nas  proved  difficult.  One  model 
TBM-7  transmitter  was  removed 
and  set  aside  in  the  transmitter 
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room  to  make  more  space  available. 
Doors  were  burned  out  where  they 
interfered  with  passage  of  the 
larger  units.  Because  the  pi-net- 
work  output  of  the  power  amplifier 
was  designed  to  work  into  a  mod¬ 
erately  low  impedance,  special 
transmission  lines  were  run  top¬ 
side  through  antenna  trunks  to  a 
home-ma^e  antenna  change  switch 
and  from  there  to  either  of  two 
doublet  antennas  cut  to  operate  in 
the  17  and  19  me  bands,  respec¬ 
tively.  Since  the  new  transmitter 
was  received  when  the  ship  arrived 
at  Panama,  this  installation  work 
was  done  at  sea. 

While  the  TDH-4  was  being  in¬ 
stalled,  the  TBM-7  remaining  in 
operation  was  being  used  success¬ 
fully.  As  the  ship  neared  the  half¬ 
way  point  between  Panama  and 
the  Antarctic  JCircle,  installation 
was  completed  on  the  TDH-4  and 
it  was  placed  on  the  air. 

Frequencies  in  the  9,  12,  15,  17 
and  19  me  bands  were  allotted.  Of 
these,  only  the  latter  two  were  used 
extensively.  It  is  believed  that 
had  higher  frequencies  been  avail¬ 
able  they  should  have  proved  still 
more  satisfactory. 

The  War  Command  room  w'as 
used  as  a  studio.  At  best  it  was 


not  too  good,  as  an  expansion  joint 
in  the  superstructure  traversed 
this  space  and  squeaked  as  the  ship 
rolled.  A  ventilation  blower  in  an 
adjacent  space  contributed  to  the 
noise.  Acoustics  were  somewhat 
improved  by  hanging  curtains 
around  the  studio  room.  It  was 
in  this  room  that  control  and  moni¬ 
toring  equipment,  RCA  broadcast 
microphones,  an  RCA  4-position 
mixer  and  line  amplifier  with  a 
volume  unit  meter.  General  Elec¬ 
tric  wire  recorders,  and  standard 
Navy  shipboard  receivers  were  in¬ 
stalled.  All  programs  were  re¬ 
corded  on  the  wire  recorders  as 
they  were  transmitted. 

Schedules  were  held  with  RCA 
Communications  and  Press  Wire¬ 
less,  Inc.,  twice  daily  at  1230  and 
2330  GCT,  one-half  hour  earlier 
than  the  morning  and  evening  new's 
roundups  on  the  networks.  On 
these  schedules  broadcast  times 
were  established  and  cues  were  ar¬ 
ranged. 

Four  major  networks  were  rep¬ 
resented.  Most  of  the  programs 
were  live  news  bulletins,  with  an 
occasional  interview  of  some  per¬ 
sonality  on  board.  There  was  one 
long  program  at  Christmas  when 
personnel  on  board  the  ship  talked 


with  their  families  in  the  U.  S. 
Altogether  about  seventy  seven 
successful  programs  were  trans¬ 
mitted  and  used  the  networks 
mentioned.  Sixteen  others  were  un¬ 
successful  due  to  radio  wave  propa¬ 
gation  conditions. 


Communication  Focilitios 
Littio  America 


at 


The  original  plan  for  air  opera¬ 
tions  with  the  two-engine  patrol 
planes  called  for  landings,  take-offs, 
and  local  flights  of  limited  radius 
being  controlled  from  the  air  strip. 
Longer  flights  were  to  be  controlled 
by  the  Mount  Olympus,  moored  to 
the  ice  within  view  v/f  the  landing 
area.  Ice  conditions  forced  a  change 
in  those  plans,  however,  as  the  ship 
was  forced  to  retire  to  the  vicinity 
of  Scott  Island,  leaving  the  base 
camp  to  hold  its  own. 

To  serve  as  a  control  tower  at  the 
air  strip  and  to  house  the  equip¬ 
ment  and  operators,  a  Quonset  hut 
was  erected.  This  building  also 
served  as  an  airborne  electronics 
and  general  plane  maintenance  shop 
in  which  were  installed  battery- 
powered,  dynamotor-operated  air¬ 
craft  type  transmitters  and  receiv¬ 
ers  for  communication  with  the 
planes,  the  ships  moored  to  the  ice. 


Thu  modiiication  of  o  commorcial  oloctronic  metal  locator  located  metallic  objects 
in  ice  at  depths  as  great  as  25  feet 


Equipment  for  measuring  Telocity  of  sound 
through  ice 
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and  the  Emergency  Base.  All  trans¬ 
mitting  and  receiving  antennas 
were  erected  in  the  necessarily  con¬ 
gested  area,  but  the  equipment  op¬ 
erated  satisfactorily  nevertheless. 

Later,  as  time  allowed,  a  Navy 
model  YR  radio  beacon,  a  400-watt 
intermediate -frequency  transmit¬ 
ter,  and  better  intra-camp  commu¬ 
nication  equipment  were  installed 
and  the  aircraft  type  radio  receiv¬ 
ers  replaced  by  a-c  operated  re¬ 
ceivers.  Other  improvements  were 
made,  most  notably  in  power  sup¬ 
ply  facilities,  which  improved  oper¬ 
ations  by  reducing  radio  interfer¬ 
ence.  The  camp  being  located  as 
it  was  on  dry  snow  and  ice,  with 
no  physical  earth  ground,  local  in¬ 
terference  such  as  ignition  and 
commutator  noise  became  a  factor 
of  grave  concern.  There  being  no 
way  to  shield  equipment  from  the 
sources  of  interference,  it  was  man¬ 
datory  that  the  sources  themselves 
be  eliminated.  This  was  done  by  re¬ 
shuffling  the  power  equipment.  A 
two-kilowatt  d-c  motor-generator 
set  was  replaced  by  a  bank  of  stor¬ 
age  batteries  floated  across  an  a-c 
rectifier  charger,  and  most  dynamo- 
tor-powered  equipment  was  re¬ 
placed  with  a-c  equipment. 

The  ice  and  snow  underfoot  was 
several  hundred  feet  deep  and  no 
means  were  available  to  drill  clear 
through  to  the  seawater  below. 
Even  had  a  hole  been  drilled  and  a 
suitable  low-resistance  ground  cable 
lowered,  it  is  doubtful  that  inter¬ 
ference  conditions  would  have  been 
noticeably  improved.  Due  note  has 
been  made  of  this  situation.  Any 
future  operations  in  this  area  will 
be  provided  with  means  for  drilling 
many  holes  through  the  ice  in  an 
effort  to  raise  the  ground  plane. 

Before  the  flagship  w’as  forced  to 
depart,  the  USS  Philippine  Sea, 
then  650  miles  to  the  north,  dis¬ 
charged  the  six  planes  that  were 
to  operate  in  the  area.  Good  com¬ 
munications  were  had  between  the 
Mount  Ol3mipus  and  the  planes  on 
their  flight  to  the  airstrip;  voice 
communication  in  the  4  me  band 
was  excellent  throughout;  the  auto¬ 
matic  direction  finders  on  the 
planes  operated  nicely  in  the  400 
kc  band  with  signals  from  a  two- 
kilowatt  transmitter. 

Communications  with  planes  on 
long  flights  were  vested  in  the 


Emergency  Base  radio  station.  This 
camp  was  intended  to.be  of  a  more 
permanent  nature  since  there  were 
possibilities  that  it  would  be  occu¬ 
pied  all  winter.  It  comprised  a  dou¬ 
ble  Quonset  hut  located  about  tw’o 
miles  from  the  temporary  base 
camp  at  the  airstrip  and  equipped 
with  voice  and  c-w  transmitters 
necessary  to  enable  it  to  perform  its 
function.  Power  was  supplied  by 
a  diesel-driven  a-c  motor-generator 
set.  This  Quonset  was  well  insu¬ 
lated  from  the  weather  and  sealed 
against  sifting  snow. 

Rhombic  antennas  for  transmit¬ 
ting  and  receiving  were  erected  at 
this  site  and  directed  toward  Wash¬ 
ington,  D.  C.  In  addition,  Marconi  L 
and  T  transmitting  antennas  and 
miscellaneous  receiving  Marconi 
and  doublet  antennas  were  installed. 

Telegraph  c-w  communications 
with  planes  on  extended  flights  out 
700  to  800  miles  to  the  South  Pole 
and  beyond  were  good  at  all  times. 
Tests  with  Radio  Washington,  us¬ 
ing  the  rhombics,  proved  highly 
successful  on  the  8,  12  and  16  me 
bands. 

The  absence  of  a  physical  earth 
ground  presented  difficulties  here 
as  at  the  temporary  camp.  A  wire 
counterpoise,  connections  to  the 
power  plant  and  connections 
through  a  tunnel  to  the  old  Little 
America  buildings,  and  the  provi¬ 
sions  for  use  of  only  a-c  operated 
equipment  eliminated  these  difficul¬ 
ties.  The  96-foot  length  of  the 
Quonset  hut  pi’ovided  adequate 
counterpoise  for  high-frequency 
transmissions. 

Ice  and  snow  in  Antarctica  is  so 
dry  that  an  antenna  stretched  out 
on  the  ice  works  beautifully.  The 
snow  is  fine  and  grainy  in  texture 
and  perfectly  dry,  unlike  that  found 
in  the  Arctic. 

This  snow  does  not  pack  down 
very  well,  and  hauling  of  heavy 
equipment  was  seriously  compli¬ 
cated  by  that  fact.  Equipment  was 
loaded  on  steel  go-devil  sleds  weigh¬ 
ing  about  two  and  a  half  tons  and 
fitted  with  runners,  and  drawn  by 
D-6  Caterpillar  tractors.  On  the 
bay  ice  these  tractors  worked  nicely 
in  the  snow  without  any  modifica¬ 
tion.  Up  on  the  barrier  the  tracks 
had  to  be  fitted  with  oak  extensions 
which  provided  additional  traction 
and  prevented  the  tractor  from  dig¬ 


ging  down  into  the  deep  snow.  To 
draw  the  sleds  up  the  steep  slope 
between  the  bay  ice  and  the  barrier, 
a  cable  railway  system  was  used 
whereby  the  tractor  or  tractors  in 
use  ran  down  the  slope  or  on  level 
ice  to  draw  the  sled  upward. 

Gromid-Coiitrolied  Approach 

The  objectives  in  transporting 
bulky  MPN-IA  and  GPN-2  GCA 
equipment  to  Antartica  and  setting 
it  up  at  Little  America  were  three¬ 
fold:  (a)  to  provide  facilities  for 
planes  to  land  at  Little  America 
under  conditions  of  reduced  visi¬ 
bility;  (b)  to  augment  communica¬ 
tion  facilities  and  act  as  auxiliary 
to  airstrip  control;  (c)  to  deter¬ 
mine  the  practicability  of  GCA  un¬ 
der  the  difficult  conditions  for 
movement,  installation,  and  opera¬ 
tion  of  the  equipment. 

The  completed  installation  of  the 
GPN  Equipment  accomplished  the 
first  two  objectives.  Although  the 
MPN  was  not  used  operationally, 
still  it  was  installed  and  tested  suc¬ 
cessfully,  satisfying  the  third  ob¬ 
jective. 

Temperatures  varied  constantly 
between  26  degrees  below  and  29 
degrees  above  zero  Fahrenheit. 
One  blizzard  struck,  bringing  tem¬ 
peratures  around  14  degrees  and 
winds  up  to  45  knots. 

Problems  in  installation  arose  by 
the  dozens.  Initially  it  was  discov¬ 
ered  that  the  26,500-pound  prime 
mover  for  the  MPN  equipment, 
when  removed  from  the  ship  at  the 
edge  of  the  bay  ice,  not  only  could 
not  move  under  its  own  power  in 
the  15-foot  thick  snow’  and  ice,  but 
required  two  D-6  tractors  to  tow  it. 
The  prime  mover  for  the  GPN 
equipment  was  similarly  immobil¬ 
ized.  These  problems  w’ere  circum¬ 
vented  by  lifting  the  radar  shelter 
of  the  GPN  off  the  six-by-six  truck 
bed,  and  by  placing  skids  under  the 
MPN  trailer  and  towing  it  by  trac¬ 
tor.  In  each  case  the  associated 
prime  mover  w’as  useless.  The  GPN 
shelter  was  towed  on  its  own  skids. 

The  heavy  diesel  generators  pre¬ 
sented  similar  problems.  The  GPN 
generator  was  equipped  with  heavy 
metal  skids  before  leaving  the  ship. 
The  MPN  generator  truck,  being 
useless  as  a  prime  mover,  had  to  be 
left  on  board,  so  the  truck  bed  with 
generators  attached  was  lifted  off 
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Telephone  Recording 


Electronic  dictating  machines  can  be  used  to  record 
important  telephone  conversations.  Either  direct  or 
induction  connection  to  the  line  is  suitable.  Design 
considerations  are  given 


By  K.  L.  MacILYAIN 

Executive  Aeeiatant 
Dictaphone  Corporation 
New  York,  N.  Y. 


LEGALITIES 

Use  of  telephone  recorders  is  now 
permitted  by  FCC  for  legitimate  ac- 
'tivities  as  described  in  Docket  No. 
6787.  This  change  in  regulations  gov¬ 
erning  recording  or  monitoring  tele¬ 
phone  conversations  has  been  made 
because  of  the  utility  of  permanent 
documentation  of  telephone  conver¬ 
sation 

Personal  privacy  of  telephone  con¬ 
versations  will  be  protected  by  the 
use  of  a  distinctive  tone  (exact  na¬ 
ture  of  which  had  not  been  decided 
upon  at  press  time)  when  a  recorder 
on  the  line  is  operating.  Telephone 
companies  will  provide  and  maintain 
the  tone  generator 

APPLICATIONS 

Monitoring  message  telephoned  by 
contract  officers,  lawyers,  public  rela¬ 
tions  executives,  doctors,  others  whose 
conversations  warrant  exact  transcrip¬ 
tion 

Automatic  recording  of  messages 
in  absence  of  person  called 

Transacting  business  by  telephone 
such  as  recording  accumulated  orders 
at  night  over  long-distance  toll  cir¬ 
cuits  from  branch  offices,  permanently 
recording  telephone  orders  and  thus 
eliminating  need  for  written  confirm¬ 
ing  orders,  telephone  dictation  from 
field  to  home  office 

Recording  fire  alarms,  calls  to  po¬ 
lice,  dispatching  instructions  of  public 
utilities  including  railroads  and  power 
companies,  military  commands 


Telephone  lines  carry  not  only 
speech  signals,  but  also  inter¬ 
fering  noise,  ringing  and  other  op¬ 
erating  voltages.  Any  connection  to 
a  recording  circuit  should  elimi¬ 
nate  interference  between  the  tele¬ 
phone  pair  and  ground,  provide 
isolation  for  direct  current,  and 
should  not  affect  or  be  affected  by 
the  operating  voltages  nor  should 


appreciably  load  the  telephone  line. 

A  typical  direct  connection  is 
shown  in  Fig.  lA.  The  capacitor 
provides  d-c  isolation;  the  trans¬ 
former  blocks  longitudinal  current 
(produced  by  voltage  between  the 
telephone  pair  and  ground).  Trans¬ 
former  input  impedance  should  be 
sufficiently  high  not  to  appreciably 
load  the  line.  If  the  transformer 
input  impedance  is  low,  for  exam¬ 
ple  500  ohms,  a  series  resistor  added 
in  the  primary  circuit,  4,500  ohms 
in  Fig.  IB,  prevents  loading. 

Although  speech  levels  to  be  ex¬ 
pected  from  a  telephone  line  vary 
widely,  signals  available  with  the 
direct  connection  range  from  +10 
db  (where  0  db  equals  6  milli¬ 
watts)  for  peak  levels  to  —40  db, 
with  good  local  voice  levels  averag¬ 
ing  around  0  db  but  with  many  be¬ 
tween  —  10  and  —15  db.  Regardless 
of  the  high  standards  at  which  tele¬ 
phone  lines  are  maintained,  wide 
ranges  in  speech  levels  are  to  be 
expected  because  of  conditions  be¬ 
yond  control  of  telephone  engineers. 
The  recording  equipment  must, 
therefore,  be  designed  to  record 
satisfactorily  a  40-db  range,  al¬ 
though  the  extreme  range  might 
be  as  great  as  60  db.  To  keep  the 
recording  level  within  the  range  of 


the  recording  medium,  automatic 
control  circuits  should  be  incorpo¬ 
rated  in  the  recorder. 

Inductive  Pickup 

With  the  inductive  connection, 
shown  in  Fig.  IC,  the  telephone  ter¬ 
minal  equipment  forms  one  winding 
of  a  transformer  and  the  recorder 
pickup  is  the  other.  The  pickup  is 
formed  into  a  flat  unit  that  can  be 
placed  under  the  subscriber’s  set. 
The  transformer  so  formed  has  low 
coupling  between  primary  and  sec¬ 
ondary  because  of  the  relatively 
large  spacing.  The  inductive  pickup 
should  be  electrostatically  shielded 
to  eliminate  effects  of  undesirable 
fields  in  the  vicinity.  From  40  to  60 
db  are  lost  in  this  form  of  coupling, 
so  the  recorder  amplifier  must  have 
greater  gain  than  for  the  direct 
connection.  Hum-bucking  arrange¬ 
ments  can  be  added  to  neutralize 
fields  from  local  motors  and  trans¬ 
formers,  but  because  such  fields  are 
neither  constant  in  magnitude  nor 
direction,  complete  cancellation  is 
difficult. 

Either  method  of  connection  is 
satisfactory,  and  now  that  record¬ 
ing  telephone  conversations  has 
been  made  legal  many  applications 
for  this  technique  will  be  realized. 
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proceedings  again,  however,  and 
made  it  necessary  that  the  equip¬ 
ment  be  dismantled  and  transferred 
back  to  the  ship.  The  GPN  was  still 
operating  nicely  and  could  perform 
all  the  vital  functions.  Accordingly, 
work  was  started — and  halted  three 
hours  later  by  the  blizzard. 

Altogether  a  great  deal  of  infor¬ 
mation  was  gained  through  the  in¬ 
stallation,  test,  and  operation  of  this 
equipment  at  Little  America.  Al¬ 
though  the  main  unit  of  the  GCA 
system,  the  MPN,  was  not  used  op- 


vide  personnel  and  equipment  to 
participate  in  the  operation. 

The  equipment  .used  was  the 
Magnetic  Airborne  Detector  devel¬ 
oped  by  the  Naval  Ordnance  Lab¬ 
oratory  and  used  by  the  Navy  in 
antisubmarine  warfare,  modified 
by  the  Naval  Ordnance  Laboratory, 
the  U.  S.  Geological  Survey  and  the 
Office  of  Petroleum  Reserves  to  al¬ 
low  its  ifse  as  a  geophysical  sur¬ 
veying  instrument. 

As  modified,  the  magnetometer 
measures  electronically  the  fluctua¬ 
tions  in  the  terrestrial  magnetic 
field  intensity  caused  by  the  varia¬ 
tions  in  magnetic  properties  of  dif¬ 
ferent  mater^ls  in  the  earth’s 
crust,  and  continuously  records 
them  on  a  paper  chart  as  the  plane 
moves  on. 

Two  of  the  planes  brought  to 
Scott  Island  by  the  Philippine  Sea 
were  equipped  with  the  necessary 
frames  and  supports  to  carry  the 
magnetometer.  Unfortunately,  be¬ 
cause  of  operational  difficulties  and 
weight  limitations  the  racks  had  to 
be  removed  before  the  planes  could 
take  the  air ;  because  of  curtailment 
of  flight  operations  at  Little  Amer¬ 
ica  it  was  not  until  the  last  five 
days  of  the  ice  reconnaissance  that 
makeshift  racks  could  be  installed. 

Considering  the  prospective  brev¬ 
ity  of  the  operations,  the  objective 
in  the  use  of  the  magnetometer  be¬ 
came  one  of  investigation  of  the 
usefulness  of  the  equipment  in  the 
Antartic  area.  To  accomplish  that, 
magnetic  profiles  were  made  of  well- 
known  terrain  so  that  their  utility 
could  be  evaluated. 

Four  flights  were  started.  The 
first  was  a  test  hop;  the  fourth  was 
unsuccessful  due  to  engine  failure. 
The  two  remaining  flights,  of  4J 
hours  duration  each,  were  highly 
successful. 

As  a  result  of  the  flights,  previ¬ 
ously-made  suppositions  as  to  the 
material  content  and  the  topo¬ 
graphic  aspects  of  the  areas  tra¬ 
versed  were  in  some  cases  confirmed 
and  in  others  disproved ;  whether  or 
not  previously  suggested,  the  mate¬ 
rial  composition  of  the  crust  along 
the  plane’s  tracks  was  determined. 
The  coastline,  if  you  can  designate 
as  such  the  place  where  eternally 
ice-coVered  land  meets  eternally 
ice-covered  sea,  was  delineated  in 
the  path  of  the  plane. 


and  placed  on  a  go-devil  sled  which 
could  be  towed  by  a  tractor. 

Both  spare  parts  trucks,  one  for 
each  major  unit,  were  left  on  board 
ship.  Only  those  parts  necessary 
for  operation  were  brought  ashore. 

The  MPN  being  so  heavy  and 
difficult  to  move,  and  in  light  of 
the  fact  Ihat  weather  conditions 
made  unnecessary  the  precision  fea¬ 
tures  of  the  MPN,  it  was  decided  to 
install  the  GPN  first  and  place  it  in 
operation.  Accordingly,  the  GPN 
was  placed  on  3-inch  by  8-inch  wood 
timbers  laid  on  level  snow  and  work 
of  assembly  and  preparation  was 
begun.  Spare  parts  were  brought 
up  by  sled  from  the  ship.  The  gen¬ 
erator  was  hauled  to  a  convenient 
position  about  nine  feet  from  the 
door  end  of  the  shelter  and  a  tar¬ 
paulin  was  secured  between  the  two 
so  the  door  to  the  shelter  would 
open  on  a  place  protected  from  the 
w'ind.  A  16-foot-square  tent  was 
pitched  in  the  immediate  vicinity 
for  housing  the  GPN  spare  parts 
and  auxiliary  radio  equipment.  It 
was  also  used  for  living  quarters. 

Throughout  the  flight  operations, 
the  performance  of  the  GPN  equip¬ 
ment  was  satisfactory.  Whenever 
possible,  planes  in  local  flights  were 
controlled  by  this  equipment.  With 
its  associated  communication  equip¬ 
ment  it  was  often  called  on  to  act 
as  control  tower,  which  it  did  nicely. 

After  the  GPN  installation  was 
well  under  way,  installation  of  the 
heavier  MPN  was  begun.  Erection 
of  the  MPN  search  and  elevation 
antennas  and  elevation  antenna 
housing  was  completed  in  cold, 
windy  weather.  Because  of  the  time 
element  and  the  prospective  brevity 
of  operational  usage  the  heavy  ra- 
dome  for  the  search  antenna  was 
not  installed.  No  technical  or  me¬ 
chanical  difficulties  were  experi¬ 
enced  in  the  installation,  but  the 
wind  and  weather  reduced  the  effi¬ 
ciency  of  maintenance  personnel  to 
a  low  point.  Many  of  the  operations 
had  to  be  performed  without  gloves, 
and  work  could  be  continued  for 
only  a  few  minutes  at  a  time. 

All  components  worked  perfectly 
when  the  equipment  was  placed  in 
operation  and  power  applied. 
Tests  made  to  determine  its  effi¬ 
ciency  under  adverse  weather  condi¬ 
tions  proved  quite  satisfactory. 

The  time  factor  entered  into  the 


Airborne  magnetometer  used  in  surveying 
portions  of  Antarctic  continent 


erationally,  the  main  objectives  of 
the  operation  were  accomplished. 

The  Hagnetometer 

The  initial  purpose  behind  the 
provisions  for  use  of  the  airborne 
magnetometer  during  this  opera¬ 
tion  was  to  obtain  magnetic  profiles 
along  the  tracks  flown  by  the  photo¬ 
reconnaissance  planes  operating 
from  Little  America.  Properly  in¬ 
terpreted,  these  profiles  would  give 
information  on  the  geological  for¬ 
mations  in  the  earth’s  crust,,  and  in 
favorable  locations  disclose  topo¬ 
graphic  features  buried  under  ice 
and  snow  and  trace  major  geologic 
trends  and  structures.  Used  in  this 
way  a  valuable  supplement  to  the 
aerial  photography  of  significant 
parts  of  the  Antarctic  continent 
would  be  provided. 

To  accomplish  this  the  U.  S.  Geo¬ 
logical  Survey  and  the  Naval  Ord¬ 
nance  Laboratory  cooperated  to  pro¬ 
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Laboratory  sstup  for  moasurin?  high-tpoed  rotation  consists  of  (from  left  to  right)  exciter  and  line  matching  unit  for  the  tachometer, 
audio  mixer,  audio  oscillator,  cathode-ray  oscilloscope,  and  full-wave  rectifier  and  wideband  amplifier 


set  at  approximately  2,000  cps  can 
be  mixed  with  the  tachometer  fre¬ 
quency  and  fed  into  a  headset  (or 
an  oscilloscope).  A  third  or  beat 
frequency  can  be  heard  (or  seen). 
The  number  of  beats  per  unit  of 
time  is  equal  to  the  numerical  dif¬ 
ference  in  the  component  frequen¬ 
cies  over  the  same  unit  of  time. 

If  the  numerical  difference  is  low, 
such  as  one  beat  per  minute,  an  os¬ 
cilloscope  or  electron  ray  tube  is 
particularly  desirable.  The  oscilla¬ 
tor  output  can  be  applied  to  one  set 
of  plates  in  the  cathode  ray  tube 
and  the  techometer  frequency  to  the 
othd^-  set,  the  resulting  Lissajou 
figures  are  a  positive  visual  indica¬ 
tion  of  minute  changes  of  frequency 
even  if  the  beat  cycle  extends  over  a 
long  period  of  time.  Similarly  an 
electron  ray  tube  can  also  be  used  to 
adjust  the  oscillator  frequency  to 
that  of  the  tachometer.  In  this  in¬ 
stance  an  amplifier  is  needed  on  the 
output  of  the  reluctance  generator. 
The  number  of  times  the  magic  eye 
winks  indicates  the  beat  frequency. 

To  obtain  aural  indications  of  the 
oscillator  and  variable  reluctance 
generator,  a  mixer  unit  was  con¬ 
structed,  the  circuit  of  which  shown 
in  the  righthand  portion  of  Fig.  2. 
The  oscillator  output  was  connected 
to  a  stepup  transformer,  then  dif¬ 
ferentiated  and  fed  into  a  final 
transformer.  The  line  from  the 
variable  reluctance  generator 
matching  unit  is  also  terminated  in 
a  stepup  transformer,  the  output  of 
which  is  differentiated  twice  and 
then  connected  to  the  output  trans¬ 
former.  By  means  of  a  single  pole, 
single  throw  switch,  these  two  al- 


used,  followed  by  a  double  differen¬ 
tiator  and  final  transformer.  The 
filtered  output  of  the  tachometer  is 
thus  an  alternating  current  whose 
frequency  is  at  all  times  propor¬ 
tional  to  the  rotational  speed  of  the 
quill.  This  frequency  and  its  varia¬ 
tion  can  be  measured  or  recorded  in 
several  ways,  depending  upon  the 
accuracy  required  and  the  magni¬ 
tude  and  frequency  of  the  speed 
variations. 

Frcqiiaiicy  Indication 

Use  of  an  electronic  frequency 
meter  would  have  required  an  am¬ 
plifier  to  increase  the  tachometer 
output  voltage  to  0.25,  0.5  or  4 
volts,  depending  upon  the  meter, 
but  this  method  although  conveni¬ 
ent,  is  subject  to  inaccuracies.  Com¬ 
mercial  electronic  frequency  meters 
are  usually  guaranteed  to  give  an 
accuracy  of  two  percent  of  the  full 
scale  value  if  the  power  supply  vol¬ 
tage  is  regulated,  and  the  input 
voltage  must  be  held  to  within  0.5 
volt  to  obtain  this  accuracy.  Al¬ 
though  many  frequency  meters  are 
considerably  more  accurate  than  the 
manufacturer’s  guarantee  i  n  d  i- 
cates,  the  possibility  of  errors  as 
large  as  1,500  rpm  excluded  their 
use. 

The  determination  of  whether  a 
meter  were  accurate  or  not  required 
the  development  of  a  means  of  cali¬ 
bration.  As  the  indicating  instru¬ 
ment  scales  of  such  meters  are 
rather  short  and  their  motions 
highly  damped,  it  was  decided  to 
use  the  necessary  calibrating  equip¬ 
ment  directly. 

The  output  of  an  audio  oscillator 


of  the  quill  served  as  the  generator 
armature,  no  mechanical  or  electri¬ 
cal  connection  being  made  to  the 
quill.  The  tachometer  is  accurately 
located  in  place  by  dowel  pins,  mak¬ 
ing  removal  easy;  it  is  unnecessary 
to  remove  the  tachometer  when 
changing  the  belt. 

With  reference  to  the  two  fixed 
poles  of  the  tachometer,  the  flat 
sides  of  the  quill  represent  wider 
air  gaps  than  the  rounded  sides. 
The  magnetic  circuit  is  roughly  U 
shaped,  with  a  coil  on  each  of  the 
two  opposite  sides  of  the  yoke  held 
rigidly  by  a  nonmagnetic  insert 
welded  into  place.  Direct  current  is 
supplied  to  one  of  these  coils  to  fur¬ 
nish  excitation.  By  means  of  a  fil¬ 
ter,  the  alternating  current  gener¬ 
ated  in  this  coil  is  prevented  from 
reaching  the  d-c  source,  which  due 
to  its  low  impedance,  would  act  as 
a  short  circuit. 

A  capacitor  is  used  to  isolate  the 
d-c  from  the  second  coil.  The  coils 
are  connected  .so  that  their  alternat¬ 
ing  currents  added.  The  schematic 
circuit  of  the  variable  reluctance 
generator,  its  excitation  circuit,  and 
its  output  to  line  matching  circuit 
are  given  in  lefthand  portion  of 
Fig.  2. 

The  excitation  and  output  cir¬ 
cuits  are  combined  on  a  single  chas¬ 
sis.  A  small  capacitor  across  the  a-c 
output  of  the  tachometer  reduces 
its  high-frequency  harmonic  con¬ 
tent.  The  resultant  wave  shape  is 
nearly  sinusoidal.  The  a-c  output  is 
differentiated  to  reduce  60  cycle 
pickup,  then  fed  into  a  line-match¬ 
ing  transformer.  On  the  other  end 
of  the  line  a  stepup  transformer  is 
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Measuring  Speed 
With  WWV 


By  JAMES  C.  COE 

Haul,  Instrumentation  and  Analysis  Lab. 
Xaial  Air  Missiles  Test  Center 
Point  Mugu,  Oxnard,  Calif. 


A  variable  reluctance  tachometer  is  used  to  generate  a  frequency  proportional  to  the 
speed  of  revolution  of  a  shaft.  This  frequency  is  compared  to  that  of  a  variable  frequency 
oscillator.  .  Means  of  obtaining  harmonics  of  WWV’s  440-cps  signal  for  calibrating  the 

oscillator  are  described 
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FIG.  1 — The  Tariable  reluctance  tachometer  is  at  the  extreme  right 
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FIG.  2 — At  the  left  is  the  excitation  and  takeoii  circuit  for  the  variable  reluctance 
tachometer;  at  the  right  is  the  mixer  output 


PRECISE  speed  measuremenis  of 
a  shaft  revolving  at  approxi¬ 
mately  30,000  rpm  were  required 
for  an  ordinance  evaluation.  Me¬ 
chanical  connection  to  the  revolving 
quill  on  the  end  of  the  shaft  was 
undesirable  because  of  dynamic  bal¬ 
ancing  problems  at  such  his^  speed, 
so  a  variable  reluctance  generator 
was  designed  and  constructed  that 
develops  2,000  cps  at  30,000  rpm. 

Because  commercial  frequency 
meters  are  so  highly  damped  that 
they  cannot  follow  the  rapid  fluctua¬ 
tions  in  speed  that  were  to  be  meas¬ 
ured,  it  was  necessary  to  use  a  more 
sensitive  and  accurate  method.  This 
was  done  by  comparing  the  tachom¬ 
eter  frequency  to  that  of  a  cali¬ 
brated  oscillator. 

To  calibrate  this  oscillator,  a  har¬ 
monic  amplifier  producing  precise 
audio-frequency  check  points 
spaced  at  220-cps  intervals  and  de¬ 
rived  from  the  440-cps  modulation 
of  WWV  was  designed.  A  novel 
frequency  selective,  degenerative 
limiter  is  incorporated  in  this  am¬ 
plifier.  A  center  clipper  is  also  em¬ 
ployed,  so  a  slice  of  the  received 
signal  is  thereby  utilized  and  noise 
is  reduced  considerably. 

Tachometer 

The  end  of  the  quill  has  four 
plane  sides  and  four  intervening 
sides  that  are  segments  of  a  circle 
(a  square  nut  with  rounded  cor¬ 
ners).  A  variable  reluctance  gener¬ 
ator  shown  in  detail  in  Fig.  1  was 
constructed  to  serve  as  a  tachom¬ 
eter.  It  is  mounted  so  that  the  end 


the  cathodes  can  be  adjusted  so 
that  only  the  peaks  are  amplified  by 
each  grid  and  center  clipping  re¬ 
sults. 

The  next  stage  is  also  push-pull, 
with  differentiators  in  the  grids. 

The  transformer  coupled  output 
is  then  fed  through  a  differentiator 
to  the  first  peak  limiter  stage.  This 
is  not  a  conventional  limiter  be¬ 
cause  only  certain  frequency  ranges 
are  affected  and  because  of  its  de¬ 
generative  action.  The  low  fre¬ 
quencies  are  passed  through  a  re¬ 
actance  coil  to  the  dual  diode,  each 
half  functioning  for  an  alternation. 

High  frequencies  are  passed 
through  a  capacitor  shunting  the 
reactor.  Thus  the  high  and  low 
frequencies  are  impressed  upon  the 
limiter.  Where  these  have  suffi¬ 
cient  amplitude  to  be  conducted 
through  the  limiter  as  determined 
by  the  setting  of  the  bias  potentio¬ 
meter,  the  grid  is  excited  by  a  po¬ 
tential  derived  from  the  plate, 
whose  phase  is  in  opposition  to  the 
incoming  signal  on  the  grid,  pre¬ 
venting  the  further  increase  of  grid 
potential  in  either  direction  beyond 
a  certain  point  for  a  given  set  of 
conditions.  The  resulting  wave 
might  be  described  as  a  wave 
clipped  not  squarely  but  with  rip¬ 
ples.  The  harmonic  content  of  the 
outnut  is  rather  high. 

The  remaining  stages  amplify 
the  medium  range  of  frequencies. 
To  accomplish  this,  a  differentiator 
is  placed  in  each  grid  to  attenuate 
the  low  frequencies,  and  in  certain 
cathode  circuits,  parallel  circuits 
are  placed  which  resonate  at  ap¬ 
proximately  440  cps  in  order  to 
further  reduce  the  fundamental  by 
degeneration.  Certain  stages  have 
parallel  circuits  in  their  plates  to 
increase  the  selective  amplifica¬ 
tion  of  the  desired  harmonics.  The 
fundamental  has  been  considerably 
reduced  before  the  signal  reaches 
a  second  limiter,  but  certain  parts 
of  the  complex  wave  are  of  greater 
amplitude  than  others,  so  the  li¬ 
miter  is  employed  to  even  out  the 
complex  wave.  Because  there  are 
no  appreciable  low  frequencies  pres¬ 
ent,  the  limiting  action  is  confined 
to  the  higher  frequencies.  The  am¬ 
plifier's  overall  frequency  response 
is  shown  in  Fig.  4.  In  some  ol  the 
amplifier  stages  a  plate  resistor  and 
capacitor  are  used  in  the  load  cir¬ 


cuit.  The  capacitor  is  for  the  pur¬ 
pose  of  reducing  the.  response  to 
the  excessively  high  frequencies. 

All  transformers  are  given  re¬ 
sistance  loading  and  series  grid  re¬ 
sistors  are  used  for  stability.  A  re¬ 
sistor-capacitor  combination  is  used 
in  all  plate  supply  leads  except  in 
the  power  stage,  to  prevent  coupling 
between  stages  through  the  high 
voltage. 

To  check  for  self  oscillations,  one 
uses  various  input  frequencies  and 
observes  the  frequencies  appearing 
at  the  various  binding  posts  (such 
as  those  numbered  1,  2,  and  3  in 
Fig.  3)  on  the  panel.  At  no  point 
should  the  amplifier  show  a  pro¬ 
nounced  response  to  any  one  input 
frequency.  The  plate  supply  volt¬ 
age  can  be  from  150  to  300  volts 
d-c;  at  the  higher  voltage  the  total 
current  drain  is  under  100  ma.  The 
plate  supply  voltage  is  used  to  set 
the  clipping  and  limiting  levels,  so 
it  should  be  regulated.  The  filament 
transformer  should  be  of  sufficient 
capacity  to  provide  current  for  the 
heaters  and  pilot  light.  It  is  im¬ 
portant  that  this  transformer  be 
isolated  physically  or  shielded  mag¬ 
netically  to  prevent  60-cps  pickup 
by  the  harmonic  amplifier.  The  fila¬ 
ment  leads  are  shielded  throughout 
for  the  same  purpose. 

Operation 

The  only  controls  on  the  har¬ 
monic  amplifier  consist  of  three  li¬ 
miter  adjustments,  the  first  of 
which  can  serve  as  a  gain  control  to 
supplement  the  receiver’s  control  if 
desired.  Once  made,  the  settings 
of  the  others  do  not  require  read¬ 
justment.  The  first  control  adjusts 
the  center  clipper  and  the  second 
and  third  adjust  the  peak  limiters. 
These  adjustments  are  not  critical 
and  can  be  set  to  operate  effectively 
on  a  slice  of  the  received  signal,  re¬ 
ducing  noise.  The  amplitude  of  the 
signal  and  the  degree  of  fading  de¬ 
termine  the  amount  of  center  clip¬ 
ping  which  can  be  used.  The  peak 
limiters,  while  adjustable,  neverthe¬ 
less  have  a  slight  self-regulatory 
feature  which  adjusts  the  limiting 
action  according  to  the  amplitude  of 
the  signal. 

Radio  receiving  conditions  are 
particularly  poor  at  times  on  the 
West  Coast,  so  it  was,necessary  to 
calibrate  the  audio  oscillator  when 


reception  was  somewhat  improved. 
Fading  and  static  combine  to  make 
calibration  difficult;  however,  ex¬ 
traneous  man-made  noise  can  be  re¬ 
duced  by  moving  the  receiver  to  a 
location  a  few  miles  from  noise  gen¬ 
erating  devices.  Fading  can  be  re¬ 
dialed  by  diversity  reception,  the  re¬ 
ceivers  preferably  having  a  com¬ 
mon  automatic  gain  control  so  that 
the  receiver  or  receivers  momen¬ 
tarily  active  would  desensitize  the 
others,  thereby  reducing  the  tube 
hiss  and  noise  pickup.  When  fad¬ 
ing  was  particularly  pronounced,  it 
was  found  that  the  last  two  ampli¬ 
fier  stages  could  profitably  be  used. 

The  output  of  the  audio  oscillator 
can  be  introduced  in  the  output 
stage  of  the  harmonic  amplifier. 
Otherwise  the  output  of  the  audio 
oscillator  can  be  connected  directly 
to  the  amplifier  or  through  the 
mixer  unit. 

The 'oscillator  is  adjusted  until 
its  frequency  is  synchronized  by 
aural  and  visual  means  with  one  of 
the  frequencies  obtained  from  the 
harmonic  amplifier  until  no  beat 
frequency  is  heard.  The  only  visual 
means  which  is  satisfactory  as  an 
aid  to  aural  means  is  by  using  an 
oscilloscope  whose  sweep  is  synchro¬ 
nized  to  the  desired  frequency.  With 
so  many  harmonics  and  static  pres¬ 
ent,  .Lissajou  figures  or  magic-eye 
techniques  cannot  be  used.  Sharply 
tuned  audio  filters,  such  as  used  in 
connection  with  radio  range  receiv¬ 
ers  can  be  used  to  great  advantage. 
The  setting  of  the  oscillator  and  the 
corresponding  frequency  as  derived 
from  WWV  broadcasts  can  thus  be 
determined. 

Numerous  tests  were  run  with 
the  equipment  described  herein. 
The  equipment  was  operated  with 
different  quills,  with  and  without  an 
idler  pulley,  in  order  to  simulate 
different  speed  and  speed  variation 
conditions  for  analysis  by  the  tacho¬ 
meter.  Rapid  fluctuations  in  speed 
were  readily  detected  as  were  small 
changes  in  speed.  The  factors  de¬ 
termining  speed  and  causing  irre¬ 
gularities  could  conveniently  be 
studied  using  these  techniques. 
The  equipment  provides  an  ex¬ 
tremely  accurate  means  of  measur¬ 
ing  speed  and  rapid  variations  of 
speed  and  should  find  many  appli¬ 
cations  where  accurate  measure¬ 
ments  of  this  nature  are  required. 
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FIG.  3 — Essential  portions  ol  the  harmonic 
ompliiier  coiuists  of  its  balanced  input 
acting  also  as  a  center  clipper,  and  the 
frequency  selectiye,  <fegeneratlve  Hmtt^r 

FIG.  4 — Frequency  response  of  the  entire 
harmonic  amplifier 
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ternating  voltages  can  be  multi¬ 
plied.  A  difference  in  frequency  is 
detected  in  a  headset  by  periodic 
changes  in  amplitude  or  beats. 
When  the  switch  is  open  the  two 
voltages  are  not  mixed  and  visual 
indicating  means  are  then  con¬ 
nected.  If  it  is  desired  to  measure 
a  frequency  difference  which  is  too 
high  to  be  counted,  as  above  des¬ 
cribed,  the  mixed  output  can  be  am¬ 
plified  and  rectified.  The  output  of 
the  rectifier  can  drive  a  recording 
galovanometer ;  the  changes  in  am¬ 
plitude  correspond  to  beats. 

Audio  Oscillator 

Accuracy  of  the  observed  data  de¬ 
pends  upon  the  absolute  accuracy 
of  the  audio  oscillator.  The  dial 
furnished  by  the  manufacturer 
could  not  be  read  closely  enough,  so 
a  micrometer  dial  (National  B-189- 
B)  and  gear  box  (National  NPW- 
0:  20  to  1)  were  installed.  The 
numbe’’  of  cycles  per  second,  per 
division,  was  thereby  reduced  to  14 
in  the  vicinity  of  2,000  cps.  The  dial 
graduations  permit  accurate  read¬ 
ing  and  calibration  to  better  than 
one  tenth  of  a  division,  which  is 
plus  or  minus  0.035  percent  of  the 
basic  quill  speed.  The  audio  oscil¬ 
lator  was  modified  in  order  to  ob¬ 
tain  the  1,760  and  2,200  cps  check 
points  on  the  same  band.  A  still 
better  dial  and  gear  reducer  combi¬ 
nation  might  be  used,  but  then  the 
stability  of  the  oscillator  becomes 
the  limiting  factor.  Similarly,  the 
frequency  range  of  the  oscillator 
could  have  been  narrowed  to  450 


The  greatest  variation  of  the  os¬ 
cillator  frequency  is  warmup  drift 
and  it  was  found  that  the  oscillator 
should  be  turned  on  for  at  least  two 
hours  prior  to  being  used.  Varia¬ 
tions  in  power  voltage  influence  the 
oscillator,  so  a  voltage  regulator 
should  be  used  with  the  oscillator  to 
insure  accuracy. 

Ambient  temperature  changes 
are  only  of  minor  importance  in  the 
laboratory.  It  was  found  that 
placing  a  weight  on  the  oscillator 
case  altered  the  frequency,  so  a 
rugged  case  assembly  was  con¬ 
structed,  and  the  oscillator  was 
shock  mounted  to  minimize  the 
effects  of  vibration  incurred  in 
transporting  the  instrument.  Mov¬ 
ing  the  oscillator  is  always  done 
carefully  as  vibration  or  jolting 
could  effect  the  calibration. 

The  harmonic  amplifier,  described 
below,  is  connected  to  a  radio  re¬ 
ceiver  output  and  beat  against  the 
oscillator.  Check  points  are  ob¬ 
tained  at  1,760  and  2,200  cycles  per 
second  corresponding  to  the  fourth 
and  fifth  harmonics  of  WWV’s  440 
cps  tone  modulation.  An  intermedi¬ 
ate  check  point  is  obtained  at  1,980 
cps.  Many  other  check  points  are 
available  between  650  cps  and  5,000 
cps.  A  curve  of  dial  setting  against 
frequency  drawn  through  the  vari¬ 
ous  check  points  is  used  to  interpo¬ 
late  intermediate  values  of  fre¬ 
quency. 

Harmonic  Amplifier 

The  purpose  of  the  harmonic  am¬ 
plifier,  as  stated  above,  is  to  con¬ 
vert  one  frequency,  which  may  be 


considered  absolutely  accurate,  into 
a  number  of  higher  frequencies, 
which  are  equally  accurate  and 
which  can  be  used  for  the  calibra¬ 
tion  of  an  audio  oscillator  or  other 
devices  required  for  frequency  or 
time  measurement.  The  National 
Bureau  of  Standards  provides  a 
continuous  day  and  night  broadcast 
of  standard  radio  frequencies  which 
are  modulated  at  440  cps,  accurate 
to  better  than  1  part  in  10,000,000. 
This  broadcast  was  taken  as  the 
primary  standard  for  frequency 
measurement.  To  beat  the  audio 
oscillator  against  the  440  cps  modu¬ 
lation  would  be  of  little  value  at 
2,000  cps.  It  was  therefore  neces¬ 
sary  to  design  a  harmonic  amplifier 
which  would  develop  and  amplify 
a  number  of  whole  and  fractional 
harmonics  of  the  basic  440  cps  fre¬ 
quency  and  at  the  same  time  effect¬ 
ively  suppress  the  original  fre¬ 
quency  to  prevent  its  interference 
with  the  desired  frequency.  Fre¬ 
quencies  of  1,760,  1,980  and  2,200 
cps  were  particularly  desired  in  this 
instance  for  the  previously  de¬ 
scribed  calibration. 

In  the  harmonic  amplifier,  a  ra¬ 
dio  receiver  output  feeds  into  a 
transformer  used  to  excite  the  grids 
of  a  push-pull  stage  as  shown  in 
Fig.  3.  A  differentiator  is  con¬ 
nected  in  each  grid  to  reduce  the 
response  to  low  frequencies,  yet 
permit  the  desired  frequencies  to 
pass  with  little  attenuation.  A  rela¬ 
tively  low  resistance  is  used  in  each 
plate  circuit  in  order  to  obtain  the 
desired  characteristics  as  a  clipper 
stage.  A  variable  positive  bias  on 
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Permeability  Tuning  of 


Analysis  of  permeability-tuned  series  loop  and  transformer-coupled  loop  circuits.  Per¬ 
formance  is  compared  with  that  of  the  familiar  capacitance-tuned  high-impedance  type. 
Coil-winding  data  for  obtaining  proper  pitch  for  oscillator  tracking  are  also  given 


FIG.  2 — ScriM  loop  circuit 


FIG.  1 — Trcuuiormer-couplod  loop  circuit 
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PERMEABILITY  tuning  has  been  1 — The  transformer-coupled  cir-  pedance  loop*.  The  analysis  of  the 

used  widely  in  automobile  re-  cuit  wherein  the  loop  is  connected  series  loop  circuit  will  follow  the 
ceivers  and  has  been  found  to  be  to  a  small  primary  winding  which  method  given  by  PolydorofT.  Gain 
very  satisfactory  for  such  use.  The  is  coupled  to  a  secondary  winding  and  signal-to-noise  ratio  will  then 
advantages  to  be  gained  by  this  which  in  turn  is  tuned  by  an  iron  be  compared  for  the  two  circuits 
method  of  tuning  rather  than  a  core.  The  schematic  diagram  ap-  and  a  further  comparison  made 
gang  capacitor  are:  smaller  size,  pears  in  Fig.  1.  with  the  usual  high-impedance  ca- 

lower  cost,  and  improved  signal-to-  2 — The  series  loop  circuit  wherein  pacitance-tuned  loop  antenna, 

noise  ratio  when  tuning  a  small-  the  loop  is  connected  in  series  with  For  the  purposes  of  these  corn- 
capacitance  antenna.  the  tuning  coil.  The  schematic  dia-  parisons,  a  table  model  receiver  hav- 

Of  these  advantages  only  lower  gram  of  this  connection  appears  in  ing  an  area  of  82  square  inches 
cost  would  ordinarily  be  of  great  Fig.  2.  available  for  the  loop  will  bs  con- 

importance  in  the  design  of  home  The  analysis  of  the  transformer-  sidered.  Knowing  the  loop  area  and 
receivers.  Unquestionably,  the  coupled  circuit  will  follow  very  the  number  of  turns,  the  effective 
greatest  barrier  to  the  wide  accep-  closely  a  previously  derived  method  height  of  the  loop  is  found  from  the 
tance  of  permeability  tuning  is  the  for  the  capacitance-tuned  low-im-  formula 
degradation  of  loop  performance 
which  is  encountered,  particularly 
in  small  table  models. 

At  present  there  are  two  accepted 
methods  of  permeability  tuning  a 
loop  antenna.  In  both  cases  the 
loop  must  be  of  the  low  impedance 
variety  and  is  usually  constructed 
of  two  to  four  turns  of  heavy  copper 
wire  or  ribbon.  The  two  methods 
which  we  will  consider  are: 


Table  I — Series  Loop  Circuit 


Frequency 
in  kc 

Q 

Ix)op  Effective 
Height  Mv/m 

Figure  of 
Merit 

T uned  Circuit 
Impedance,  uLQ 

1,500 

90 

0.0093 

0.836 

145,000  ohms 

1,000 

95 

0.0062 

0.588 

231,000  ohms 

600 

110 

0.0037 

0.408 

4 18 , 000  ohms 
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in  microvolts  per  meter  (1) 


The  effective  height  of  the  loop  mul¬ 
tiplied  by  the  gain  of  the  input  cir¬ 
cuit  is  equal  to  the  figure  of  merit  of 
the  loop. 

To  find  the  thermal-noise  pro¬ 
duced  in  the  input  circuit,  the 
tuned  circuit  impedance  must  be 
known,  and  this  will  be  calculated 
for  each  of  the  three  type  circuits 
compared  here. 


ARQlyfis  of  Scries  Loop  Circcif 

The  factor  which  determines  the 
gain  obtainable  with  the  series  loop 
is  the  tuning  range  available  in  the 
permeability-tuned  coil.  It  was  de¬ 
termined  experimentally  that  a 
linear  pitch,  130-microhenry,  pro¬ 
gressive-wound  coil  on  Bakelite  tub¬ 
ing  having  dimensions  of  0.206  inch 
I.D.  and  0.226  O.D.,  tuned  with  a 
commercially  available  iron  core 
whose  dimensions  are  0.200  inch 
diameter  and  1.5  inch  long,  could 
be  made  to  have  an  inductance 
change  of  11  to  1. 

Inasmuch  as  the  dial  calibration 
which  can  be  obtained  with  a  linear 
pitch  coil  was  found  to  be  somewhat 
more  crowded  at  the  high-frequen¬ 
cies  than  is  usual  with  a  tuning 
gang  and  since  this  crowding  was 
deemed  to  be  unsatisfactory,  a  vari¬ 
able-pitch  coil  having  three  differ¬ 
ent  pitches  was  designed  and  was 
found  to  be  a  great  improvement 
over  ganged  capacitors  insofar  as 
dial  crowding  is  concerned.  Such  a 
coil  having  an  initial  inductance  of 
130  microhenries  was  found  to  have 
an  inductance  change  of  10.3  to  1. 


FIG.  3 — L»it,  the  primary  is  wound  in  two  sections  over  the  secondary. 

oi  the  secondary  winding  appears  at  right 


Applying  a  formula*  to  find  the  130110  3  —  9.06] 

size  of  the  loop  which  may  be  tuned  “  9  .06-1  =  ^ 

we  have  g2  square-inch  loop  which 

is  being  used  in  this  instance,  it 
^  ^  *  L  *  (/miD)*J  ^2)  was  found  that  20  /ih  was  obtain- 
_  \  able  with  5.6  turns.  The  effective 

height  of  this  loop  is  calculated  by 
the  use  of  Eq.  1.  The  Q  of  the  cir¬ 
cuit  is  very  nearly  the  Q  of  the 
tuning  coil  itself  since  it  forms  the 
greater  part  of  the  total  inductance, 
and  figure  of  merit  equals  heXQ. 

Knowing  that  the  total  induc¬ 
tance  at  1,610  kc  is  130  +  20  or  150 
/ih,  the  inductance  at  other  fre¬ 
quencies  is  found  by  multiplying 
150  by  the  square  of  the  frequency 
ratios.  For  example  at  1,500  kc. 


(/min)* 

where  Li  —  loop  inductance 

L,  =*  tuning  coil  air  inductance 

To  tune  the  complete  broadcast 
band  with  some  allowance  for  drift 
and  misalignment,  /m.*  must  be  at 
least  1,610  kc  and  /on.  at  most  535 
kc.  This  is  a  frequency  range  of 
3.01  to  1  or  the  equivalent  of  a  9.06 
to  1  inductance  change.  Substitut¬ 
ing  in  Eq.  2  with  a  of  10.3  for 
the  variable  pitch  coil. 
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TABLE  IV — Comparison  of  Circuits 


Frequency 
in  kc 

Figure 

of 

Merit 

Grid  noise 
voltage 
6SG7  Input 
Tube  ny 

ENSI 

Mv/m 

6SG7  Input 
Tube 

Grid  noise 
voltage 
6S.\7  Input 
Tube  nv 

ENSI 
mV  m 

6S\7  Input 
Tube 

Series  Loop  Circuit 

l.'iOO 

0.836 

4.06 

4.86 

6.62 

7.9 

1,000 

0..588 

5.14 

8.73 

7.35 

12.5 

600 

0.408 

7.15 

17.5 

8.86 

21.7 

Transformer-Coupled  Circuit 

1,.'>00 

0.395 

3.51 

8:9 

6.4 

16.2 

1,000 

0.515 

4.16 

8.1 

6.67 

12  9 

600 

0.640 

5.32 

8.3 

7.46 

11.7 

Capacitance-tuned  High-impedance  Loop 

1,500 

1.98 

3.71 

1.87 

6.4 

3.23  • 

1,.500 

1.98 

3.3 

2.1 

6.17 

3.9 

600 

0.795 

2.35 

3.0 

5.75 

7.25 

transformer,  the  figure  of  merit  of 
the  loop  system  is  the  effective 
height  of  the  loop  multiplied  by  the 
g^ain  of  the  transformer.  Pertinent 
characteristics  for  the  transformer- 
coupled  circuit  are  shown  in 
Table  II. 

Capacitance-Tuned  High-impedance 
Loop 

To  satisfy  tracking  considera¬ 
tions,  it  was  found  that  the  capaci¬ 
tance-tuned  high-impedance  loop 
should  have  an  inductance  of  183 
fih.  Knowing  that  a  4-turn  loop  of 
this  area  had  an  inductance  of  10 
fih  we  may  calculate  the  turns  of 
the  183-/ih  loop  as 

y^Lx4  =  17.1  turns 

The  figure  of  merit  for  this  loop 
circuit  is  loop  effective  height  multi¬ 
plied  by  loop  Q.  Table  III  shows  the 
characteristics  for  the  capacitance- 
tuned  high-impedance  loop  includ¬ 
ing  the  loop  Q  when  mounted  about 
two  inches  from  its  associated  chas¬ 
sis.  Figure  4  shows  this  type  of 
loop  circuit. 

In  most  receivers  sufficient  inter¬ 
mediate-frequency  gain  is  available 
so  that  actual  gain  of  the  antenna 
circuit  is  of  minor  importance  com¬ 
pared  with  the  signal-to-noise  ratio 
of  this  circuit. 


The  input  circuit  noise*  *  is 

E,  =  l.2SXlOr^o^lFR  (8) 

where  Et  is  the  noise  in  volts 
F  =  receiver  bandwidth  in  cycles  (7,000 
cycles  in  the  present  analysis) 

R  =  tuned  circuit  impedance  in  ohms  con¬ 
nected  to  the  input  tube  grid  plus  the 
equivalent  input  noise  resistance  of 
the  input  tube 

The  equivalent  input  noise  resist¬ 
ance  (shot  noise  referred  to  the 
grid  circuit)  is*  3,300  ohms  for  a 
6SG7  tuned  r-f  amplifier.  This  noise 
resistance  is  negligible  compared 
with  the  tuned  circuit  impedance. 
However,  in  the  case  of  a  6SA7  con¬ 
verter  tube  used  as  the  input  tube, 
the  equivalent  noise  resistance  is 
240,000  ohms  and  is  of  considerable 
importance  in  determining  the  sig¬ 
nal-to-noise  ratio. 

If  we  divide  the  grid  circuit  noise 
as  given  by  Eq.  8  by  the  figure  of 
merit  of  the  loop  system,  a  measure 
of  the  signal-to-noise  ratio  for  the 
receiver  is  obtained.  In  fact,  by 
thus  referring  the  noise  to  the  input 
of  the  receiver,  we  have  obtained 
the  familiar  ENSI  (equivalent 
noise  signal  input)  expressed  in 
microvolts  noise  per  meter  which  is 
usually  used  to  express  the  signal- 
to-noise  ratio  of  receivers.  Using 
this  method  of  analysis  and  the  in¬ 
formation  previously  derived  for 
the  three  types  of  loop  circuits,  we 
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can  tabulate  the  performance  of  the 
loop  circuits  for  two  extreme  types 
of  input  tubes  as  shown  in  Table  IV. 

Obviously,  the  permeability-tuned 
loop  is  inferior  to  the  capacitance- 
tuned  type  with  respect  to  both  gain 
and  signal-to-noise  ratio. 

When  input  tube  noise  is  neg¬ 
lected,  the  actual  value  of  tuned 
circuit  inductance  has  no  effect  on 
signal-to-noise  ratio,  although  gain 
is  nearly  proportional  to  the  square 
root  of  inductance.  When  a  6SA7 
is  used  as  the  input  tube,  it  is  de¬ 
sirable  to  build  the  tuned  circuit  im¬ 
pedance  to  as  high  a  value  as  possi¬ 
ble  to  overshadow  tube  noise. 

For  the  foregoing  analysis,  the 
high  inductance  permeability-tuned 
coil  ^as  not  considered,  for  it  was 
found  that  a  variable  pitch  winding 
could  not  be  wound  satisfactorily 
above  130  j^h.  It  was  found  to  be 
quite  ‘practical,  however,  to  wind 
linear  pitch  progressive  windings 
on  a  0.226  diameter  form  with  250 
ju,h  inductance.  Such  a  coil  showed 
an  inductance  range, of  10.6  to  1 
(this  compares  with  the  11  to  1 
range  for  a  130-/ih  linear  pitch 
coil). 

An  analysis  of  performance  with 
this  250-/ih  coil  is  of  interest,  be¬ 
cause  it  represents  the  best  which 
we  gan  do  for  a  small  permeability- 
tuned  receiver  with  no  r-f  stage. 
Assuming  use  of  the  series  loop 
circuit,  the  loop  inductance  can  be 
calculated  to  be  47.7  /ih  consisting 
of  8.7  turns  of  the  same  area  used 
for  the  previous  loops.  Table  V  is  a 
summary  of  the  performance  char¬ 
acteristics  using  this  tuning  coil 
and  loop. 

Any  improvement  which  can  be 
made  in  either  iron  core  or  coil  to 
improve  tuning  range  will,  of 
course,  result  in  better  performance 
for  any  of  the  loop-tuning  circuits, 
insofar  as  signal-to-noise  ratio  is 
concerned. 

One  advantage  which  the  trans¬ 
former-coupled  circuit  enjoys  over 
the  series  type,  besides  improved 
gain  at  the  low  frequencies,  is  the 
fact  that  the  loop  may  be  center- 
tapped  to  ground  in  order  to  pro¬ 
vide  balance  to  extraneous  noise 
pickup.  This  is  only  a  slight  advan¬ 
tage,  however,  since  the  series  loop 
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Some  of  the  important  characteris¬ 
tics  of  this  input  circuit  are  shown 
in  Table  1. 

The  factors  which  must  be  known 
for  the  calculation  of  the  trans¬ 
former-coupled  loop^ 

k  *  coefficient  of  coupling  between  pri  “ 
mary  and  secondary.  This  v^ue 
varies  as  the  coil  is  tuned 

m  >“  ratio  of  primary  inductance  to  loop 
inductance 

I>wiT  total  inductance  as  seen  at  the  grid 
of  the  tube 

Qeqv  total  circuit  Q  as  seen  at  the  grid  of 
the  tube 

While  it  is  highly  desirable  to 
keep  both  m  and  k  constant  as  Ls  is 
tuned,  this  is  not  feasible.  In  order 
that  k  be  as  large  as  possible  across 
the  entire  band,  it  was  found  de¬ 
sirable  to  wind  part  of  the  primary 
over  the  top  of  the  secondary  (top 
being  considered  the  end  of  the 
secondary  through  which  the  iron 
core  enters),  the  rest  of  the  pri¬ 
mary  being  concentrated  at  a  point 
about  half-way  down  on  the  second¬ 
ary  winding.  Such  a  primary  wind¬ 
ing  is  shown  in  Fig.  3,  assembled 
on  the  secondary. 

Theoretically,  any  number  of 
turns  of  the  low-impedance  loop  can 
be  coupled  into  the  secondary  and 
the  same  signal  obtained  at  the 
grid.  Actually,  however,  larger  loop 
inductances  result  in  more  primary 
turns  which  yield  a  somewhat 
higher  coefficient  of  coupling  than 
small  primaries.  For  this  reason 
when  dealing  with  table  model  loops, 
a  4-turn  loop  giveS  better  results 
than  a  2-turn  loop.  Also,  Q  is  im¬ 
proved  with  the  increased  turns. 


FIG.  4  —  High-impedance  capadtonce- 
-  tuned  loop  circuit 


TABLE  II — Trcmsformer-Coupled  Loop 


Frequency 
in  kc 

Transformer 

Gain 

Loop  Effective  Figure  of 

Height  jiv/m  Merit 

Tuned  Circuit 
Impedance 
wLeqv  Qaqv 

1,.500 

.59.5 

0.00661 

0..395 

108,500  ohms 

1,000 

116  5 

0.00442 

0.515 

151,500  ohms 

600 

241 

0.00265 

0.610 

217,000  ohms 

TABLE  III — Capacitance-Tuned  Loop 

Effective  Figure  of 

Height  Merit 

Tuned  Circuit  Impedance 

Frequency 

Q 

in  nv/m  in  nv/m 

uLQ 

l,.">00 

70 

0.0284  1.98 

120,500  ohms 

1,000 

83 

0.0189  1.57 

95,. 500  ohms 

600 

70 

0.0113  0.795 

•  48,300  ohms 

In  the  comparison  made  here,  a  4- 
tum  loop  of  82-square-inch  area 
having  an  inductance  of  10  /ih  was 
used  with  the  transformer-coupled 
input  circuit. 

Since  the  presence  of  the  primary 
winding  connected  through  the  loop 
reduces  the  tuning  range  of  the 
secondary,  the  size  of  the  primary 
winding  must  be  determined  experi¬ 
mentally,  although  if  the  coefficient 
of  coupling  is  known,  the  maximum 
size  of  the  primary  needed  to  main¬ 
tain  tuning  range  may  be  calcu¬ 
lated.  This  primary  inductance  is 
usually  of  necessity  smaller  than  the 
optimum  value  which  should  be  used 
for  the  coefficient  of  coupling  en¬ 
countered.  Actual  values  of  k  and 
m  for  a  130-/ih  variable  pitch  sec¬ 
ondary  coupled  to  a  10-/ih  loop  are 
given  below.  These  values  were  de¬ 
termined  experimentally  in  order 
that  the  tuning  range  be  covered. 


this  equation  was  that  the  total 
primary  circuit  Q  made  up  of  both 
loop  and  primary  inductance  is 
equal  to  (i)  Q*.  This  is  close  to 
being  the  actual  case  and  at 


1  .500  kc,  QeqT  = 

(1  -f  0.28  -  0.062) 


90 


(1  -1-0.28  +  0.124) 

1,000  kc,  Qeqv  = 

(1  +0.34  -  0  128) 


95 


(1  +0.34  +  0.256) 
600  kc,  Qaqv  = 

(1  +0.46  -  0.225) 


no 


L, 


(1  +  0.46  +  0.45  ) 

(1  +  m  -  mk*) 


78 


=  72.4 


=  71.2 


(4) 


(  1  +  m  ) 

Since  at  1,610  kc,  it  was  found  that 
k  =  30.3  percent  and  m  =  0.15, 


Leov  =  130 


(1+0.15-0.0138) 
(  1+0.15  ) 

128.2  Mh. 


Knowing  the  tuning  inductance  at 
1,600  kc,  the  inductances  at  other 
frequencies  can  be  calculated  as  be¬ 
fore  for  the  series  circuit^ 


Frequency 

k 

m 

Gain 

=  kQ^y  {L,/L,y/* 

1,500  kc 
1,000  kc 

47.% 

61.3% 

0.28 

0.34 

From 

Eq.  5 

600  kc 

70.% 

0.46 

L.  = 

Leqv  (1  +  m) 

r  1 
L  1  +  m  J 


Purely  theoretical  considerations 
would  have  made  m  =  0.75  at  1,500 
kc  and  m  =  0.47  at  600  kc,  thus^ 


1  +  m  —  mk^ 


Then 

Gain=  fcQeqv  I 


=  Q. 


(1  +  m  —  mA*) 


(3) 


m 


(1  +  m  +  2mA:*) 

The  assumption  used  in  deriving 


—  mA*)J 


1^1 


(5) 


(7) 


L(1  +  m)  (1  +  m 
Knowing  the  gain  of  the  input 
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FIG.  6 — Dummy  inductoac*  limulatvs  th« 
loop 


Table  V — 250-Mh  Coil  in  Series  Loop  Circuit 


Frequency 
in  kc 

Figure  j 
of  merit 

«LQ 

1 

ENSI 

6SG7  tube 

Mv/m 

ENSI 
6SA7  tube 
mV,  m 

1,.300 

1.28 

272,000  ohm.s 

4.3.3 

5. .3 

1,000 

0.91.3 

460 , 000  ohms 

7.9 

9.8 

600 

1  0.63.'> 

88.3 , 000  ohms 

1.3.7 

17.9 

coil  must  also  have  a  variable  pitch 
which  corresponds.  For  the  series 
loop  it  is  only  necessary  that  the 
pitch  multiplying  factors  and  pro¬ 
portion  of  turns  in  each  section  be 
the  same  for  both  antenna  and  os¬ 
cillator  coil.  Beyond  that  the  de¬ 
sign  procedure  is  the  same  as  that 
previously  used  for  the  linear  coils. 

For  example,  the  antenna  coil 
consists  of  a  progressive-universal 
winding  of  three  separate  pitches«as 
follows:  83  turns  at  177  turns  per 
inch,  100  turns  at  247  turns  per 
inch,  157  turns  at  363  turns  per 
inch,  for  a  total  of  340  turns  and  a 
winding  length  of  1.375  inches. 

Experience  indicates  that  a  con¬ 
venient  oscillator  coil  of  around  20 
nh  should  have  about  130  turns. 
We  then  divide  each  of  the  above 
pitch  figures  by  a  factor  of  2.5  to 
obtain  the  number  of  turns  in  each 
section  of  the  oscillator  coil.  This 
comes  out  to  be  33  turns,  40  turns 
and  63  turns.  All  that  remains  is 
to  find  the  actual  pitch  of  each  sec¬ 
tion  so  that  the  total  oscillator  coil 
length  is  1.375  inches.  Since  turns 
divided  by  TPI,  turns  per  inch, 
equal  winding  length,  we  may  set 
up  an  equation  for  TPI  as  follows 


3.3 


HZ 

247 


(TPI) 


TPI^^ 
247 

solving,  TPI  : 


63 


=  1  375 


(TPI) 
»  94 


The  oscillator  coil  should  then  be 
wound 


33  turns  at  94  X  =  67 .3  TPI 
J47 

40  turns  at  94  TPI 

63  turiu  at  94  X  =  138  TPI 
^47 

Such  an  oscillator  coil  is  wound 
on  thin-wall  tubing  and  the  required 
series  inductance  is  determined  in 


the  same  manner  as  was  used  for 
linear  coils.  A  new  coil  of  larger 
diameter  may  then  be  wound  using 
the  same  number  of  turns  and  pitch 
to  incorporate  the  necessary  series 
inductance.  An  oscillator  coil  of 
this  type  appears  in  Fig.  5. 

The  transformer  -  coupled  *  loop 
with  variable  pitch  tuning  coils  is 
the  most  difficult  type  to  track  for 
the  loop  primary  has  a  pronounced 
effect  on  the  secondary  tuning 
curve.  Here  it  is  best  to  start  with 
an  oscillator  coil  whose  pitch  varia¬ 
tions  correspond  with  those  of  the 
antenna  coil  as  before,  but  mis- 
tracking  will  inevitably  be  found. 
The  frequencies  where  this  mis- 
tracking  occurs  as  well  as  the  direc¬ 
tion  of  misalignment  are  noted. 

As  a  general  rule  when  more  in¬ 
ductance  is  required  in  the  antenna 
coil  for  alignment  above  the  middle 
frequency  (at  around  1,200  or  1,300 
kc),  the  oscillator  coil  winding  pitch 
must  be  reduced  (more  turns  per 
inch)  at  this  end  of  the  oscillator 
coil.  When  more  inductance  is  re¬ 
quired  in  the  antenna  coil  below  the 
middle  frequency  (around  700  or 
800  kc)  the  middle  pitch  of  the  os¬ 
cillator  coil  should  be  increased 
(less  turns  per  inch). 

To  determine  whether  oscillator 
pitch  must  be  reduced  or  increased 
at  any  particular  frequency,  1,000 
kc  is  used  as  the  starting  point  since 
the  iron  cores  are  aligned  there. 
Thus  if  more  inductance  is  needed 
in  the  antenna  coil  at  1,200  kc  for 
tracking,  the  oscillator  core  has 
moved  too  rapidly,  up  from  1,000  kc, 
and  so  the  winding  pitch  must  be  re¬ 
duced  between  1,000  kc  and  1,200  kc 
to  correct. 

Inasmuch  as  varying  oscillator  se¬ 
ries  inductance  has  somewhat  the 


same  effect  as  changing  pitch,  vari¬ 
ous  combinations  are  possible  which 
appear  to  give  reasonably  good 
tracking,  but  one  particular  combi¬ 
nation  will  usually  be  best.  Lag  or 
lead  of  the  oscillator  core  with  re- 
spec’t  to  antenna  core  must  be 
watched.  By  this  is  meant  that  the 
oscillator  core  may  be  entering  its 
coil  sooner  or  later  than  the  antenna 
core. 'This  is  not  a  desirable  condi¬ 
tion  since  it  causes  tracking  errors 
at  one  end  of  the  travel. 

Very  often  the  low-frequency 
pitch  of  the  oscillator  coil  may  be 
varied  to  correct  for  lead  or  lag, 
when  a  shunt  inductance  padder  is 
used.  Decreasing  pitch  at  the  low- 
frequency  end  of  the  oscillator  coil 
will  lower  the  s^nt  padder  induc¬ 
tance,  and  this  in  turn  will  cause 
les^  oscillator  core  lag  at  1,000  kc. 

If  a  tuned  r-f  stage  is  used  with 
the  transformer-coupled  loop,  a  pri¬ 
mary  winding  similar  to  that  used 
for  the  loop  may  also  be  wound  on 
the  r-f  coil  and  a  dummy  inductance 
connected  to  this  primary  to  simu¬ 
late  the  loop.  The  circuit  of  Fig.  6 
has  been  used  quite  successfully. 
It  is  also  possible  to  use  different 
pitch  variations  in  the  r-f  coil  from 
those  in  the  antenna  coil  to  obtain 
tracking  without  the  necessity  for  a 
primary  winding  and  dummy  loop 
inductance. 
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FIG.  5 — Blown  up  to  show  tho  thro* 
diiioront  pitch**  formed  in  th*  winding 
proc*M,  this  oscillator  coil  is  us*d  to 
track  with  th*  r-f  coil  shown  in  Fig.  3 


is  usually  of  low  enough  impedance 
so  that  noise  pickup  due  to  capacity 
effects  is  small. 

With  permeability  tuning  in  a 
small  table  model  receiver,  the  sig- 
nal-to-noise  ratio  will  be  down  from 
two  to  five  times  depending  on  the 
circuit  used,  the  input  tube  and  loop 
parameters.  With  some  sacrifice 
of  dial  scale  linearity,  the  gain  need 
not  be  down  more  than  two  times, 
and  this  may  often  be  regained  in 
the  i-f  portion  of  the  receiver. 

A  console  receiver  with  a  large 
area  available  for  a  low-impedance 
loop  may  have  a  signal-to-noise 
ratio  equal  to  or  better  than  a  gang- 
capacitor  tuned  receiver,  and  may 
be  done  without  any  impairment  of 
dial  scale  linearity. 

Traekiag 

While  a  mathematical  approach* 
to  the  tracking  of  a  permeability- 
tuned  oscillator  coil  to  the  r-f  coils 
is  possible,  the  results  are  invari¬ 
ably  inconclusive.  The  majority  of 
development  engineers  will  un¬ 
doubtedly  prefer  an  experimental 
approach  just  as  they  have  done 
with  gang  capacitor  tracking  in  the 
past.  By  using  variable  pitch  os¬ 
cillator  coils,  it  is  possible  to  obtain 
nearly  perfect  tracking,  and,  after 
a  little  practice,  the  design  proce¬ 
dure  is  not  lengthy. 

The  simplest  case  is  one  which 
involves  a  linear-pitch  progressive- 
wound  antenna  coil  with  a  series 
loop.  If  all  iron  cores  are  alike  and 
a  shunt  inductance  padder  is  used, 
this  corresponds  exactly  with  the 
gang  capacitor  case  where  all  sec¬ 
tions  are  alike  and  an  oscillator 
series  capacitance  padder  is  used. 
An  oscillator  coil  consisting  of  a 
solenoid  of  some  convenient  wire 
size  and  pitch  should  be  wound  on 
the  same  size  tubing  used  for  the 
antenna  coil.  The  length  of  the  os¬ 
cillator  coil  should  be  equal  to  that 
of  the  antenna  coil.  It  has  been 
found  that  No.  34F,  Formex  or 
Formvar,  wire  with  sufficient  pitch 
to  give  an  air  inductance  of  about 
18  fih  works  well.  Such  a  coil  covers 
too  much  range  to  track,  and  the 
range  can  be  limited  by  inserting  a 
fixed  series  inductance. 


The  alignment  procedure  should 
be  as  follows :  With  cores  out  of  the 
coils  by  about  ^  inch,  align  the  os¬ 
cillator  to  the  top  frequency  (usu¬ 
ally  about  1,610  kc).  Peak  antenna 
trimmer.  Tune  receiver  to  1,000  k'c 
and  adjust  iron  core  in  antenna 
coil  for  maximum  sensitivity.  Tune 
receiver  to  about  680  kc  and  rock- 
in  inductance  padder  for  maximum 
sensitivity.  Repeat  entire  proce¬ 
dure. 

If  it  is  found  that  mistracking 
occurs  so  that  the  antenna  coil  re¬ 
quires  more  capacitance  (or  induc¬ 
tance)  at  frequencies  between  1,000 
and  1,610  kc  and  further  requires 
less  capacitance  or  inductance  at 
frequencies  between  1,000  and  580 
kc,  the  series  inductance  should  be 
reduced  to  obtain  tracking.  Con¬ 
versely,  if  it  is  found  that  the  an¬ 
tenna  coil  requires  less  capacitance 
to  align  above  the  middle  frequency 
and  more  capacitance  to  align  below 
the  middle,  the  series  inductance 
should  be  increased. 

After  the  correct  value  of  series 
inductance  has  been  determined,  it 
may  be  measured  along  with  the  os¬ 
cillator  coil  to  find  what  total  value 
of  oscillator  inductance  is  required. 
A  new  coil  is  then  wound  on  a 
larger  diameter  tubing  using  the 
same  wire  size,  pitch,  and  number 
of  turns  as  before,  but  the  diameter 
of  the  new  coil  is  such  that  the  cor¬ 
rect  total  inductance  is  obtained. 

As  an  example,  it  was  found  that 
a  series  inductance  of  6.0  /tih  was  re¬ 
quired  with  an  18.0  /nh-oscillator 
coil  which  had  been  wound  on  0.226 
O.D.  tubing.  A  new  coil  having  the 
same  wire  size  and  number  of  turns 
was  wound  on  0.260  O.D.  tubing  to 
have  24/ih  inductance.  This  coil 
tracked  satisfactorily.  It  will  be 
found  that  inductance  increases  as 
the  square  of  the  diameter,  within 
narrow  limits,  for  solenoids  of  the 
general  configuration  used  for  oscil¬ 
lator  coils.  If  a  tuned  r-f  coil  is  to 
be  used  in  addition  to  the  antenna 
coil,  it  should  be  wound  on  a  suit¬ 
able  diameter  tubing  so  that  its  in¬ 
ductance  is  equal  to  that  of  the  an¬ 
tenna  coil  plus  the  loop. 

When  the  antenna  coil  is  a  vari¬ 
able  pitch  winding,  the  oscillator 
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transmitter  or  be  keyed  by  a  suit¬ 
able  receiver. 

In  operation,  the  photo  to  be 
transmitted  is  wrapped  around  a 
cylindrical  drum  that  is  motor- 
driven  and  synchronized  by  means 
of  a  quartz-crystal  oscillator  with  a 
comparable  drum  on  the  receiving 
unit.  A  phototube,  scanning  the  pic¬ 
ture  in  spiral  fashion  at  the  rate  of 
90  rpm,  translates  the  various 
shades  of  black,  gray  and  white  into 
electrical  currents  of  varying  char¬ 
acter.  These  currents  are  processed 
and  fed  over  the  lines  in  the  form 
of  an  1,800  cps  amplitude-modu¬ 
lated  signal  to  the  receiving  unit 
where  they  are  inversely  processed 
to  produce  the  original  picture. 
Transmission  time  for  a  5  by  7  inch 
photograph  is  about  six  minutes. 

The  picture  signal  for  the  radio 


Interior  of  the  Jeep  station  wagon.  Standard  mobile  i-m  communications  equipment  is  on  the  floor.  Immediately  aboTe  are  the 
dynamotor  and  picture  frequency  standard,  with. the  Soundphoto  machine  in  a  lead-lined  box  on  top  of  the  table 


Temporary  152-162  megacycle  antenna  with  a  power 
gain  of  3  erected  on  the  Daily  Mirror  building  roof 


VHF  LI  NK  FOR 


Station  wagon  with  mobile  radio  and  p’ciure-transmitting  equipment  installed.  New  York  Daily  Mirror  chief  photographer.  John 
I.  Reidy  uses  the  two-way  link  before  engineer  Charles  Smith  connects  the  Soundphoto  equipment  in  place  of  the  microphone 

Radio  and  wire  circuits  have  bacome  standard  for  pictorial  news  complete  picture  transmitter  and 

already  established  them-  coverage  is  indicated  by  the  fact  receiver.  These  machines  are  cus- 

selves  as  a  necessary  means  for  arrangements  are  now  being  made  tomarily  connected  together  in 

conveying  spot  news  photographs  for  leasing  permanent  sites  for  in-  pairs  or  many  of  them  may  be  used 

from  the  locale  of  an  event  to  news-  stallation  of  remote  receiving  and  in  multiple,  using  leased  wire  lines, 

paper  plants.  Recently  successful  transmitting  equipment.  Applica-  Any  one  of  the  equipments  can  be 

experiments  were  completed  by  the  tion  has  been  made  to  the  FCC  for  used  as  the  transmitter,  the  others 

New  York  Daily  Mirror  in  which  a  construction  permit  and  complete  serving  as  receivers.  Clear  repro¬ 
prints  produced  in  an  automobile  radio  and  picture  transmission  ducible  photographs  up  to  8  by  10 

immediately  after  exposure  were  equipment  has  been  ordered.  inches  in  size  can  be  sent  to  any 

transmitted  to  the  editor’s  desk  The  picture  equipment  used  at  point  in  the  network  of  stations.  A 
in  less  time  than  the  negatives  both  terminals  of  the  test  radio  cir-  slight  modification  in  the  input  and 

could  have  been  delivered  by  usual  cuit  was  standard  apparatus  manu-  output  circuits  makes  it  possible  to 

motorcycle  courier.  factured  by  International  News  adapt  these  machines  for  radio 

That  this  method  will  probably  Soundphoto.  Each  one  comprises  a  service  so  that  they  can  key  a  radio 
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Effect  of  Feed  on 


Pattein  of  Wire  Antennas 


Measured  radiation  patterns  for  straight  wire  antennas  of  various  lengths  from  a  half 
wavelength  to  three  wavelengths  and  fed  at  various  points  are  presented  herewith. 
They  show  that  feed  point  affects  the  number,  orientation,  and  magnitude  of  the  lobes 


By 

D.  C.  CLECKNER 

Antenna  Laboratory 
The  Ohio  State  University  Research 
%  Foundation 
Columbus,  Ohio 


FIG.  1 — Radiation  irom  a  hali-waTelength  antenna.  Antenna  outline  with  each  pat¬ 
tern  thowe  ieed  point;  outline  marked  oii  in  hali  waTelengths 


FIG.  2 — Shape  of  field  strength  pattern  of  an  antenna  one-wavelength  long  depends  on  the  location  of  the  ieed  point 


Radiation  patterns  of  wire 
antennas  one-half  wavelength 
or  longer  are  dependent  on  the  posi¬ 
tion  of  feed  used  to  excite  the  an¬ 
tenna.  There  has  been  considerable 
confusion  in  published  handbooks 


as  to  just  how  a  certain  length  an¬ 
tenna  is  fed  to  get  the  desired  pat¬ 
tern.  This  investigation  was  made 
to  determine  the  effects  of  the  posi¬ 
tion  of  feed  upon  the  pattern  of 
wire  antennas. 


No  attempt  will  be  made  to  ex¬ 
plain  the  results  e.\cept  to  state  that 
the  current  distribution  differs  ap¬ 
preciably  from  a  sinusoidal  distri¬ 
bution  for  certain  off-center  feeds. 

Because  the  pattern  of  a  single 
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tests  was  fed  to  the  output  of  a 
Link  Radio  Corp.  standard  mobile 
f-m  transmitter  of  the  type  used 
for  police,  taxicab,  truck  and  simi¬ 
lar  service.  This  equipment,  which 
is  crystal  controlled,  operates  from 
a  heavy-duty  car  battery  that  is 
usually  supplemented  by  a  special 
generator 'for  floating  the  additional 
load  and  keeping  the  battery  well 
charged.  Frequency  of  operation 
during  the  test  was  on  158.07  me, 
with  a  total  modulation  swing  of  40 
kc,  using  the  Armstrong  phase  sys¬ 
tem.  The  audio  response  of  the 
equipment  is  essentially  flat  from 
360  to  5,000  cycles. 

A  thin  flexible  whip  antenna,  18 
inches  long,  mounted  on  the  metal 
roof  of  the  car  served  as  the  trans¬ 
mitting  antenna.  Signals  at  the  re¬ 
ceiving  location  vere  strong  despite 
the  low  antenna  elevation  and  the 
congested  locations  in  which  the 
equipment  was  used. 

At  the  fixed  location  conventional 
vhf  transmitter-receiver  equipment 
was  installed  and  connected  to  a 
temporary  antenna  with  a  power 
gain  of  3  atop  the  Mirror  building. 


Remotely  controlled  I'm  transmitting  and 
receiTing  equipment  installed  in  penthouse 
near  the  antenna 


This  equipment  was  remotely  con¬ 
trolled  from  the  dark-room  operat¬ 
ing  position  several  floors  below. 

Although  the  initial  commercial 
installation  will  use  a  single  fixed 
receiving  location  common  to  the 
talk-back  transmitter,  a  much  more 
extensive  receiving  system  is  con¬ 
sidered  hecessary  for  eventual  pic¬ 
ture-transmission  coverage  of  met¬ 
ropolitan  New  York.  Probably  as 


many  as  five  separate  locations  at 
diverse  points  will  be  required  to 
receive  good  pictures  from  outly¬ 
ing  areas.  At  these  points  receiv¬ 
ers  will  be  in  continuous  operation 
and  connected  by  telephone  lines  to 
the  central  operating  post. 

To  further  extend  the  system, 
portable  receiving  equipment  can 
be  parked  near  convenient  telephone 
facilities  *  and  within  receiving 
range  of  the  mobile  phototransmit¬ 
ter.  The  receiver  will  then  serve 
as  a  relay  point  between  the  radio 
and  wire  links,  making  it  possible 
to  put  news  shots  into  the  office  of 
every  subscriber  in  the  continental 
network  not  more  than  fifteen  min¬ 
utes  after  the  original  picture  is 
taken. 


Aeknowlcdgamcnts 


We  are  indebted  to  John  J. 
Reidy,  chief  photographer  of  the 
New  York  Daily  Mirror,  Robert 
Easson,  engineer  of  International 
News  Soundphoto  laboratory,  and 
to  engineers  of  Link  Radio  Corp. 
for  pictures  and  information  used 
here. — A.A.McK. 


FI6.  3 — Filed  strength  patterns  oi  a  one  and  one-hali  worelength  antenna  lor  lour  dillerent  leed  positions 


FIG.  4 — Radiation  patterns  ol  a  two-wayelength  antenna  stowing  ellect  oi  moring  leed  position  irom  center  to  one  end 


FIG.  5 — Radiation  Irom  long  wire  antennas 


fed  wire  antenna  is  independent  of 
the  impedance  match  between  it  and 
the  receiver  or  transmitter,  it  was 
not  necessary  to  have  a  perfect  im¬ 
pedance  match  between  the  antenna 
and  the  detector.  However,  the  re¬ 
ceiver  had  a  coaxial  feed  and,  there¬ 
fore,  a  balance  to  unbalance  trans¬ 


former  had  to  be  used.  In  order  to 
preserve  the  balance,  it  was  neces¬ 
sary  to  have  a  partial  impedance 
match.  In  the  case  of  high  imped¬ 
ance  feeds  (end  feeds  or  feeds  an 
even  number  of  half  wavelengths 
from  the  end)  a  quarter  wave  sec¬ 
tion  of  parallel  wire  transmission 


line  was  inserted  between  the  an¬ 
tenna  and  the  balancing  unit. 

The  field  strength  patterns  that 
are  shown  in  the  accompanying  fig¬ 
ures  were  measured  by  using  scale 
models  of  the  antennas  at  10  and 
20  cm.  This  method  of  measuring 
field  strength  patterns  was  used  by 
the  Antenna  Laboratory  of  the 
Ohio  State  University  Research 
Foundation  during  World  War  II 
for  the  determination  of  aircraft 
antenna  characteristics  (see  Elec¬ 
tronics  cover.  May  1947). 

The  equipment  used  to  measure 
these  patterns  consisted  of  an  elec¬ 
tro-magnetic  transmitting  horn,  a 
rotating  table  upon  which  a  hollow 
vertical  plywood  shaft  was  fas¬ 
tened,  the  antenna  to  be  measured 
being  mounted  on  top  of  the  shaft 
and  supported  by  polystyrene  rods 
when  necessary.  The  antenna  to 
be  measured  was  then  a  receiving 
antenna.  A  Littelfuse  bolometer 
was  used  as  the  detector.  The  pat- 
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The  full  wavelength  antenna  was 
measured  using  a  balanced  voltage 
feed  at  the  center  of  the  antenna. 
The  two  half-wavelength  portions 
of  the  antenna  then  have  in-phase 
antenna  currents  flowing  on  them. 
The  pattern  obtained  using  this 
feed  point  is  shown  in  Fig.  2A.  The 
feed  point  was  moved  one-quarter 
wavelength  off  center  and  fed  with 
a  balanced  current  feed.  The  pat¬ 
tern  (Fig.  2B)  was  nearly  that 
which  is  usually  published  for  a 
full  wavelength  antenna.  However, 
the  two  lobes  of  energy  on  the  same 


terns  were  continuously  recorded  by 
means  of  a  selsyn  system  between 
the  rotating  table  and  shaft  and 
the  recording  table.  A  concentric 
line  lighthouse  tube  oscillator  and 
a  10  cm  two-cavity  klystron  were 
used  as  transmitting  sources. 

MeasHrements 

The  patterns  of  the  half  wave¬ 
length  antenna  shown  in  Figure  1 
were  taken  using  first  a  balanced 
current  feed  at  the  center  of  the 
half  wavelength  and  then  a  voltage 
feed  at  the  end  of  the  half  wave¬ 
length  wire.  (Each  diagram  has 
an  illustration  of  its  antenna, 
marked  in  half  w’avelengths.)  It 
was  apparent  that  the  current  dis¬ 
tribution  on  the  half  wavelength 
antenna  is  not  sinusoidal  when  it 
was  end  fed.  With  end  feeding 
the  lobes  are  displaced  15  to  20 
degrees  from  their  position  w'hen 
the  half  wavelength  wire  was  cen¬ 
ter  fed. 


side  of  the  wire  are  not  equal  in 
amplitude,  but  were  present  at 
about  the  published  angle  of  54  de¬ 
grees.  The  minimum  differed  in 
amplitude  from  those  obtained 
when  the  same  length  was  end  fed. 
When  the  full  wavelength  wire  w’as 
end  fed  with  a  voltage  feed,  the 
lobes  on  both  sides  of  the  wire 
closest  to  the  fed  end  of  the  an¬ 
tenna  were  reduced  in  amplitude 
even  more  than  when  the  feed  point 
was  a  quarter  wavelength  from  the 
end  of  the  w’ire,  as  seen  in  Fig.  2C. 

A  one  and  one-half  wavelength 
wire  was  measured  for  center  feed. 
Fig.  3 A,  one-quarter  wavelength 
off  center.  Fig.  3B,  one-half  wave¬ 
length  off  center.  Fig.  3C,  and  end 
fed.  Fig.  3D.  It  is  interesting  to 
note  the  differences  in  amplitude 
of  the  broadside  lobes  and  that  the 
position  of  the  large  lobes  off  the 
free  end  of  the  end  fed  wire  are 
slightly  closer  than  the  correspond¬ 
ing  lobes  for  other  feed  points. 


A  two  wavelength  wire  was  meas¬ 
ured  using  a  balanced  voltage  feed 
at  the  center,  (Fig.  4A),  a  current 
feed  one-quarter  wavelength  off 
center  (Fig.  4B),  a  voltage  feed 
a  half  wavelength  off  center  (Fig. 
4C),  a  current  feed  three-quarters 
wavelength  off  center  (Fig.  4D), 
and  end  fed  with  a  voltage  type 
feed  (Fig.  4E).  Different  distribu¬ 
tions  must  be  present  on  the  an¬ 
tenna  for  different  feeds  and  the 
current  distributions  apparently 
are  not  sinusoidal  even  for  the  bal¬ 
anced  center  feed  since  the  broad¬ 
side  minima  are  not  complete.  The 
pattern  with  the  feed  one-quarter 
wavelength  off  center  (Fig.  4B), 
indicates  that  current  distributions 
on  each  half  of  the  wire  were  not 
identical  let  alone  sinusoidal.  When 
the  wire  was  fed  one-half  wave¬ 
length  off  center  (Fig.  4C),  the 
minima  were  not  complete  and  of 
differefit  values  due  to  the  unbal¬ 
anced  current  distribution  along  the 
antenna. 

When  the  wire  was  fed  three- 
quarters  wavelength  off  center 
(Fig.  4D),  the  current  distribution 
was  again  different  from  that  when 
the  antenna  was  end  fed  (Fig.  4E^, 
as  it  was  for  the  same  types  of 
feeds  using  the  three-half  wave¬ 
lengths  antenna  (Fig.  3).  The  large 
lobe*  off  the  free  end  of  the  wure 
were  again  closer  to  the  wire  when 
the  two-wavelength  antenna  was  fed 
three-quarter  wavelength  off  cen¬ 
ter,  ( Fig.  4D),  than  when  the  wire 
was  fed  one-quarter  wavelength 
from  the  end  (Fig.  4E). 

Also  shown  in  Figure  5  are  the 
patterns  of  longer  wires,  namelj', 
two  and  one-half  wavelengths  and 
three  wavelengths  long.  Time  did 
not  permit  further  measurements. 
The  minima  were  not  complete  as 
was  shown  before  for  similar  type 
feeds  used  on  shorter  lengths  of 
wire.  Similar  effects  of  non-sinu- 
soidal  current  distributions  were 
present  when  unterminated  rhom¬ 
bic  and  V  antennas  were  measured. 

This  investigation  was  prompted 
by  discussion  betw^een  C.  H.  Page 
and  G.  H.  Brown  at  the  I.R.E.  1947 
Winter  Convention  in  New  York 
City,  of  the  effect  of  the  diameter 
of  the  antenna  on  the  pattern  when 
various  positions  of  feeds  are  used. 
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Visibility  Measurements  by 


Transinia>om*t*r  raceirar.  Light  from 
tho  aourco  ia  focuaed  on  a  photo- 
•loctric  tub*  by  a  Iona.  The  receiTor 
coDTorta  received  energy  to  pulaea,  the 
frequency  of  which  variea  with  light 


C.  A.  DOUGLAS 


\ational  Bureau  of  Standards 
Washington,  D.  C. 


Standardized  evaluation  of  visibility  under  all  conditions  is  continuously  indicated  and 
recorded,  using  350,000-cp  fixed  light  source  up  to  4,000  feet  from  monitoring  photo¬ 
tube  connected  to  pulse  generator  whose  output  frequency  varies  with  intensity  of  inci¬ 
dent  light  after  passage  through  atmosphere 


LIGHT  SOURCE 


—400  TO  4,000  FEET - 

CONSENT-  r“ 

VOLTAGE  A' 

TRANSFORMER'iiyy 
A-C 


/TRANSMISSION  LINEn 


INDICATOR 


FIG.  1 — Arrangement  of  tranamiaaometer  componenta.  The  indicotor  and  recorder 
can  be  placed  anywhere  within  ten  milea  of  light  aource  and  receiver 


IN  EVERY  FULL-SCALE  TEST  of  the 
effectiveness  of  a  concealment 
measure  or  of  the  visibility  of  a 
light  signal,  the  light  transmission 
of  the  atmosphere  is  a  vital  ele¬ 
ment.  Frequently  the  transmission 
varies  so  rapidly  that  the  effects  of 
all  other  variables,  including  those 
under  study,  are  obscured.  Many 
thousands  of  man-hours  have  been 
wasted  in  visibility  tests  by  at¬ 
tempts  to  take  account  of  atmos¬ 
pheric  transmission  merely  by  vis¬ 
ual  estimates  stated  in  such  terms 
as  foggy,  hazy,  or  clear.  At  pres¬ 
ent,  visibility  data  in  the  proximity 
of  airports — so  important  in  safe 
aircraft  operation — is  obtained  by 
such  periodic  visual  observation. 

To  eliminate  or  reduce  the  hu¬ 
man  factor  in  visual  estimation, 
particularly  in  foggy  weather,  the 
National  Bureau  of  Standards  has 
developed  an  electronic  instrument. 
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AVIATION  APPLICATIONS 

PRINCIPAL  APPLICATIONS  of  this  transmissometer  to  aviation  are  to; 

Supplement  periodic  visual  observations  by  a  continuous  record; 

Record  the  variations  and  rate  of  change  of  conditions  of  visual  range; 

Replace  visual  observations  where  trained  observers  or  satisfactory  marks,  espe¬ 
cially  lights,  are  not  available; 

Provide  a  more  accurate  indication  of  visual  range  over  a  restricted  area  remote 
from  an  observer,  particularly  an  approach  zone; 

Provide  more  accurate  indications  of  visual  ranges  when  visibility  becomes  poor. 


the  transmissometer,  which  meas¬ 
ures  accurately  and  continuously 
the  litfht  transmission  between  two 
fixed  points. 

The  transmissometer  consists  of 
a  light  source,  a  phototube  receiver, 
an  amplifier  and  an  indicator, 
shown  in  Fig.  1.  The  distance  be¬ 
tween  the  light  source  and  receiver 
may  be  varied,  depending  on  the 
particular  application;  distances  up 
to  4,000  feet  have  been  used.  The 
amount  of  light  falling  on  the  re¬ 
ceiver  from  the  constant-intensity 
light  source  is  determined  by  the 
haze  or  fog  density  between  the 
two  points.  The  output  of  the  re¬ 
ceiver  is  transmitted  to  the  indica¬ 
tor,  which  may  be  placed  at  a  con¬ 
trol  station  as  much  as  several  miles 
from  the  light  source  and  receiver. 

A  6-volt  sealed-reflector  lamp  con¬ 
stitutes  the  350,000-candlepower 
light  source,  which  differs  from  a 


sealed-beam  headlight  only  in  its 
cover  and  filament.  The  intensity 
of  the  light  is  closely  controlled 
by  a  voltage-regulating  trans¬ 
former,  insuring  a  light  output  sub¬ 
stantially  independent  of  line  volt¬ 
age.  Adjustments  of  the  intensity 
are  made  by  means  of  a  series 
rheostat.  For  a  zero  check  of  the 
transmissometer  the  light  is  turned 
off  automatically  once  an  hour, 
while  intermediate  zero  checks  may 
be  made  by  the  operator  from  the 
indicator  several  miles  away.  Burn¬ 
ing  continuously,  the  lamp  has  an 
expected  service  life  of  three  to  six 
months. 

The  Light  Receiver 

The  transmissometer  receiver 
consists  of  a  lens,  a  diaphragm,  a 
photo-pulse  unit  and  an  amplifier. 
Light  from  the  source,  focused  by 
the  lens  on  a  pinhole  in  the  dia- 


The  350,000-candlepower  light  source, 
voltage  -  regulating  transformer,  and 
clock  that  shuts  off  the  light  for  calibra¬ 
tion  purposes  once  on  hour 


phragm,  falls  on  the  phototube  re¬ 
ceiver  and  there  generates  pulses 
whose  frequency  is  directly  propor¬ 
tional  to  the  intensity  of  light  in¬ 
cident  on  the  phototube.  These 
pulses  are  amplified  and  trans¬ 
mitted  over  a  signal  line  to  the 
indicator. 

The  pulse  generator  circuit  is 
shown  in  Fig.  2.  Phototube  cur¬ 
rent  charges  capacitor  Ci  until  the 
voltage  across  it  is  sufficient  to 
initiate  a  discharge  through  the 
neon  lamp.  The  capacitor  then 
rapidly  discharges  through  the 
neon  Tamp  and  resistor  until  the 
voltage  across  the  neon  lamp  is  no 
longer  sufficient  to  maintain  a  cur¬ 
rent  through  the  lamp.  During 
discharge  the  voltage  drop  across 
R:i  supplies  a  voltage  pulse  to  the 
grid  of  the  6J5  tube  which  causes 
a  momentary  change  in  the  plate 
current  of  the  tube.  The  resulting 
momentary  change  in  voltage  drop 
across  transformer  T„  when  ampli¬ 
fied?  supplies  the  pulse  signal  that 
is  transmitted  to  the  indicator. 

The  time  required  to  produce  a 
given  change  in  the  voltage  across 
Cl  varies  inversely  wdth  the  cur¬ 
rent  through  the  phototube.  There¬ 
fore,  the  degree  to  which  the  pul.se 
rate  is  proportional  to  the  light  in¬ 
cident  on  the  phototube  depends 
on  the  following  factors :  the  degree 
of  proportionality  between  the  pho¬ 
totube  current  and  the  light  flux 
incident  upon  its  cathode;  the  leak¬ 
age  currents  across  the  components 
shunting  C, ;  the  constancy  of  the 
drop  in  voltage  across  Ci  for  each 
discharge;  the  degree  to  which  the 
time  of  discharging  is  negligible 
as  compared  to  that  of  charging 
the  capacitor. 

The  characteristic  of  the  type  929 
phototube  is  such  that,  if  the  volt¬ 
age  across  it  is  greater  than  20 
volts,  the  current  is  nearly  pro¬ 
portional  to  the  incident  light  flux 
falling  on  the  cathode.  The  min¬ 
imum  phototube  voltage  is  the 
difference  between  105  volts  (the 
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transmission  line.  The  amplifier 
also  limits  to  a  satisfactory  value 
the  maximum  strength  of  the  pulses 
applied  to  the  grid  of  the  type  205Q 
tube.  j 

The  input  pulse  triggers  the  2050 
tube,  which  charges  capacitor  Cs. 
Capacitor  C„  which  supplies  part 
of  the  momentary  current  through 
the  tube,  serves  also  to  quench  this 
current.  As  long  as  the  strength 
of  the  pulse  applied  to  the  grid  is 
sufficient  to  trigger  the  2050  tube, 
the  charge  fiowing  into  C*  for  each 
pulse  is  independent  of  the  magni¬ 
tude  of  the  pulse.  When  the  pulse 
rate  is  constant,  the  voltage  across 
Ci  assumes  a  constant  value  which 
is  proportional  to  the  number  of 
pulses  per  second. 

The  bridge  circuit  shown  in  Fig. 

3  is  essentially  a  vacuum-tube  volt¬ 
meter  which  indicates  the  voltage 
across  Cs.  Because  of  the  voltage 
characteristics  of  the  VR  tubes,  the 
current  in  the  resistance  arms  of 
the  bridge  must  remain  substan¬ 
tially  constant.  A  change  in  grid 
potential,  with  resulting  change  in 
the  plate  current  of  the  6J5  tube, 
is  accompanied  by  an  equal  and 
opposite  change  in  the  current 
through  the  VR105  tube.  The  me¬ 
ter,  therefore,  measures  the  change 
in  plate  current  of  the  6J5  tube 
produced  by  a  change  in  grid  po¬ 
tential.  As  this  change  is  a  func¬ 
tion  of  the  voltage  across  capacitor 
Cs,  it  is  determined  by  the  pulse 
rate.  When  no  signal  is  on  the 
grid  of  the  6J5  tube,  the  grid  bias 
of  the  tube  is  adjusted  so  that  cur¬ 
rent  does  not  flow  through  the 
meter.  The  meter  reading  is, 
therefore,  directly  proportional  to 
the  pulse  rate  of  the  input  signal. 

The  type  6H6  tube  and  the  neon 
lamp  form  a  pulse  generator  which 
produces  pulses  of  the  same  fre¬ 
quency  as  that  of  the  input  power 
line.  When  the  indicator  is  being 
calibrated,  the  pulses  from  the 
calibrator  are  applied  to  the  grid 
of  the  2050  tube  through  the  am¬ 
plifier.  Since  the  indicator  is  de¬ 
signed  for  use  with  60-cycle  power, 
the  calibration  frequency  is  60 
pulses  per  second.  Hence,  when 
the  indicator  is  properly  calibrated, 
a  full-scale  reading  on  the  low' 
range  requires  60  pulses  per  sec¬ 
ond,  and  on  the  high  range  12 
pulses  per  second. 


Indicator  and  recorder  for  converting  pulse  signals  to  a  meter  reading  or  perma¬ 
nent  record.  This  unit  can  be  remotely  located  from  transmitter-receiver  equipment 


Representative  records  taken  during  clear  weather,  moderate,  and  thick  log. 
The  time  scale  reads  from  right  to  left 


DAYTIME  VISUAL  RANGES  COMPUTED 
FROM  tD/500  .0  055  T.TlANSMii^.^ 
FOR  500  FT  ;  0>  VISUAL  RANGE  IN  Ft 

Nighttime  visual  ranges  computed 

FROM  THE  RELATION  IT'*'®®®  -  liaSsa^ 
T  AND  0  DEFINED  ABOVE  AND  VALUE  OF 
I  IS  25  candles. _ 


KJJDOO  20P00  40p00  lOOpOO 


VISUAL  RANGE  IN  FEET 


A  chart  used  to  convert  transmissometer  readings  to  a  scale  of  visibility.  The 
chart  is  based  on  a  500-ioot  range,  but  the  visual  range  is  extrapolated  beyond 
this  distance.  Two  range  positions  were  available  in  the  equipment  used 
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voltage  across  tube  VR-105)  and 
the  breakdown  voltage  of  the  neon 
lamp  plus  the  drop  across  resistor 
Ri.  The  maximum  phototube  cur¬ 
rent — less  than  1  microampere — 
gives  a  drop  across  /?,  lower  than 
0.1  volt.  Since  the  breakdown  volt¬ 
age  of  the  neon  lamp  is  approx¬ 
imately  80  volts,  the  minimum 
voltage  across  the  phototube  is 
about  25  vblts.  Ceresin  wax  is  used 
to  insulate  the  component  parts 
shunting  the  high  leakage  resist¬ 
ance  capacitor  Ci  in  order  to  reduce 
the  leakage  current,  the  total  of 
which  is  less  than  10'“  ampere. 

The  constancy  of  the  drop  in 
voltage  across  Ci  for  each  discharge 
depends  upon  the  behavior  of  the 
neon  lamp.  Since  this  behavior  is 
erratic  unless  subjected  to  some 
incident  light,  an  incandescent  fila¬ 
ment  lamp  (Fig.  2)  is  provided 
whose  light  intensity  is  adjusted 
to  the  minimum  necessary  for  con¬ 
sistent  operation.  More  light  than 
this  minimum  increases  the  leak¬ 
age  current  through  the  neon  lamp 
when  it  is  not  discharging.  The 
minimum  charging  time  used  in 
the  field  is  0.02  second,  while  the 
estimated  time  of  discharge  is 
about  0.00001  second.  It  is  evident, 
therefore,  that  the  departure  from 
linearity  should  be  small. 

The  Indicator 

The  indicator,  a  circuit  diagram 
for  w'hich  is  shown  in  Fig.  3,  con¬ 
sists  of  a  two-stage  amplifier,  a 
frequency-measuring  unit,  and  a 
calibrator  which  provides  a  cali- 
bi-ation  frequency  of  60  pulses  per 
second.  The  frequency  meter  levels 
and  averages  the  pulses,  sharpened 
and  amplified  by  the  amplifier,  and 
produces  a  meter  reading  which  is 
directly  proportional  to  the  pulse 
frequency  and  thus  to  the  trans¬ 
mission  of  the  atmosphere  between 
the  light  source  and  the  receiver. 
The  visibility  of  objects  or  lights 
is  a  function  of  the  atmospheric 
transmission.  If  the  atmosphere  is 
homogeneous,  the  maximum  dis¬ 
tance  at  which  objects  or  lights 
can  be  seen  can  be  determined  from 
the  transmissometer  readings. 

The  two-stage  amplifier,  consist¬ 
ing  of  a  type  6J7  and  a  type  6J5 
tube,  amplifies  and  sharpens  the  in¬ 
coming  pulses  and  reduces  the 
effects  of  noise  picked  up  on  the 
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FIG.  2 — Circuit  diagram  of  the  phototube  receiver  and  pulse  circuit  that  indicates 
received  light  intensity.  The  leithand  voltage  regulator  tube  is  type  VR105 


FIG.  3 — Circuit  diagram  of  the  indicator,  comprising  a  two-stage  amplifier  and 
ireguency-measuring  bridge  circuit.  The  type  6H6  and  neon  tubes  are  a  part  oi 
the  60-pps  calibration  circuit 
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FIG.  3 — The  diodes  act  to  trans¬ 
fer  charges  from  capacitor  to 
capacitor 


Table  1 — Voltages  Across  Components  During  Operating  Cycle 


for  Television  Receivers 


By  I.  G.  MALOFF 

RCA  Victor  Diviglon 
Radio  Corporation  of  America 
Camden,  S.  J. 


through  the  resistor  is  of  the  order 
of  one  percent.  In  other  words,  the 
circuit  elements  tend  to  come  to  the 
same  potentials  as  those  given  for 
the  beginning  of  the  trace,  because 
the  transformer  quickly  brings  the 
potential  of  Ci  to  the  initial  7,000 
volts. 

The  remarkable  thing  about  a 
cascading  pulse  rectifier  is  that  the 
circuit  elements  have  to  stand  only 
a  few  volts  more  across  their  ter¬ 
minals  than  the  d-c  output  voltage 
per  stage  as  summarized  in  Table 
I.  Output  capacitors  Ci  and  C,  have 
on  their  terminals  only  the  d-c  out¬ 
put  voltage  per  stage  plus  the  rip¬ 
ple,  which  is  of  the  order  of  one  per¬ 
cent.  Coupling  capacitor  C»  has  only 
the  d-c  output  voltage  per  stage 
plus  a  small  boost  in  voltage  during 
trace ;  resistor  has  10  percent  of 
the  output  voltage  per  stage  on 
trace  and  about  101  per  cent  of  it 
on  retrace.  The  peak  inverse  volt¬ 
age  on  the  rectifier  tubes  is  only  10 
percent  higher  than  the  d-c  output 
voltage  per  stage.  (Of  course,  some 
components  have  to  withstand  the 
total  output  voltage  between  high 
terminal  and  ground.) 

The  above  analysis  is  very  ele- 


High-voltage  rectifier  tube,  like  other  components  of  pulsed  television 
receiver  rectifier,  is  subjected  to  only  the  peak  voltage  per  cascaded 
section,  not  to  the  total  output  voltage 

mentary  but  is  sufficient  to  explain  than  the  d-c  voltage  per  stage;  dur- 


the  operation  of  the  circuit,  which 
may  be  summarized  as  follows ; 


ing  retrace  this  excess  voltage  is 
transferred  to  the  filter  capacitors. 


During  trace,  the  coupling  capaci-  except  for  the  first  stage  which  is 
tors  are  charged  through  the  re-  directly  charged  by  the  trans- 
sistors  to  a  voltage  slightly  higher  former. 
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FIG.  1 — (A)  Pulse  delivered  by  televisioil  receiver  sweep  circuit  to  rectiiier  has  this  idealised  waveshape.  (B)  Pulsed  cascade 
rectifier  consists  of  sequence  of  diodes  charging  capacitors  in  cascade.  (C)  A  typical  and  simple  type  of  cascade  rectiiier  consists 

of  two  sections  with  a  load  across  the  output 

Pulsed  Rectifiers 


Brief  analysis  of  pulsed  cascade  rectifiers  used  in  television  receivers  indicates  that  no 
component  is  subjected  to  potentials  substantially  higher  than  those  encountered  per 
section.  In  a  doubler,  this  voltage  is  about  half  the  output  voltage  from  the  rectifier 
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FIG.  2 — During  the  operating  cycle,  volt¬ 
ages  are  redistributed  about  the  rectifier. 
To  simplify  analysing  the  action  of  the 
pulsed  circuit,  the  input  transformer  is 
reploced  by  a  battery 


TO  OBTAIN  HIGH  VOLTAGES  for 
cathode-ray  tubes  of  television 
receivers,  the  pulse  produced  by 
flyback  of  the  scanning  generator 
is  used  to  excite  a  step-up  trans¬ 
former.  Under  ideal  conditions 
with  present  television  standards, 
the  transformer  will  deliver  a  volt¬ 
age  having  a  waveshape  shown  in 
Fig.  lA.  The  high  voltage  so  de¬ 
veloped  is  usually  rectified  by  cas¬ 
caded  diodes  charging  a  series  of 
capacitors  connected  as  shown  in 
Fig.  IB.  To  determine  ratings  for 
circuit  components,  it  is  necessary 
to  first  examine  circuit  operation  to 
ascertain  their  respective  func¬ 
tions. 

Circuit  Operation 

For  analysis,  let  us  consider  the 
simplest  pulsed  cascade  rectifier, 
the  doubler,  a  schematic  diagram  of 
which  is  shown  in  Fig.  1C.  The 
time  constant  of  the  output  circuit, 
ignoring  C„  is  T„  =  Rl{C/2)  = 
0.0175  sec  or  approximately  300 
times  the  duration  of  the  trace. 
Therefore,  except  for  regulation, 
operation  of  the  circuit  is  unaf¬ 
fected  by  the  load  R,,. 

During  the  trace  the  circuit  can 
be  represented  as  in  Fig.  2A  and 


2B.  The  drop  across  /2,  (Fig.  2B) 
is  the  full  battery  voltage  at  the 
start  of  the  trace.  The  time  con¬ 
stant  of  the  above  circuit  for  72,  = 
10*  ohms  is  Ri(C  2)  =  250  micro¬ 
seconds,  which  means  that  in  60 
microseconds  (trace  duration)  the 
battery  will  change  the  potential 
on  the  two  capacitors  by  20  percent 
of  the  battery  voltage,  or  70  volts 
per  capacitor.  At  the  end  of  the 
trace,  therefore,  the  voltages  in  the 
active  part  of  the  circuit  change  to 
those  shown  in  Fig.  2C. 

On  retrace,  a  voltage  of  7,000 
volts  is  suddenly  applied  in  the  re¬ 
verse  direction  by  the  transformer 
winding  as  at  Fig.  3A.  Rectifier  A, 
starts  conducting,  in  effect  connect¬ 
ing  C,  across  the  high-voltage  trans¬ 
former  secondary  as  at  Fig.  3B. 
It  also  connects  Cs  across  Ri,  thereby 
isolating  the  two  circuits. 

Rectifier  As,  being  between  Ca  and 
C3,  has  70  volts  more  on  its  plate 
than  on  its  filament;  therefore,  it 
tends  to  equalize  the  charges  on 
Ca  and  Cs  while  the  full  voltage  of 
C3  is  impressed  across  R,.  The  time 
constant  of  this  discharge  circuit 
being  R.C3  =  500  microseconds  (or 
approximately  80  times  longer  than 
the  retrace),  the  loss  of  charge 


Sweeping  Oscillatoi 


Single  test  oscillator  covers  all  frequencies  from  upper  video  range  through  standard 
a-m  broadcast,  police,  aeronautical,  f-m  broadcast,  and  television  bands  to  the  citizen’s 
band.  Basically  the  circuit  is  a  beat-frequency  oscillator  using  two  3-cm  klystrons 


Microwave  parti  are  thoroughly  shielded;  regulated  power  supply  is  essential  to 
the  frequency  stability  of  the  klystron  oscillators 


or  variation  of  any  of  the  receiver 
parameters  on  the  response  at  all 
frequencies  is  immediately  appar¬ 
ent.  The  possibility  of  missing  a 
hump  or  some  other  asymmetry  in 
the  response  is  eliminated,  as  the 
output  of  the  sweeping  oscillator 
has  no  discontinuities  within  its 
particular  spectrum. 

Calibration  of  the  frequency  co¬ 
ordinate  of  the  receiver  response 
frequency  plot  on  the  oscilloscope 
screen  is  most  conveniently  accom¬ 
plished  by  means  of  the  precision 
absorption  type  wavemeter.  When 
the  sweeping  oscillator  passes 
through  the  frequency  to  which  the 
wavemeter  is  set,  there  will  be  a 
dip  in  the  response  pattern,  thus 
effecting  the  calibration. 

Oscillator  Components 

Figure  1  gives  the  block  diagram 
of  the  sweeping  oscillator,  which  is 
a  heterodyne-type  generator  com¬ 
bining  the  outputs  of  two  X-band 
(3-cm)  reflex  klystrons  (the  Shep- 
pard-Pierce  type)  in  a  mixing  net¬ 
work.  One  klystron,  called  the  sig¬ 
nal  generator,  is  at  a  fixed  fre¬ 
quency  during  operation  of  the  in¬ 
strument.  The  other,  designated 
the  local  oscillator,  is  swept  in  fre¬ 
quency  by  the  application  of  a  saw¬ 
tooth  wave  to  its  repeller.  The  two 
outputs  are  heterodyned  in  a  mi¬ 
crowave  crystal  mixer  and  the  re¬ 
sulting  difference  frequency  made 
available  at  the  output  terminals. 

The  sawtooth  is  generated  by  a 
gas  tube  relaxation  oscillator  and 
serves  not  only  to  modulate  the  local 
oscillator  but  also  to  develop  sweep 
voltage  for  use  in  synchronization 
of  an  oscilloscope  sweep.  An  effi¬ 
cient  electronically  regulated  power 
supply  furnishes  plus  300  volts, 
minus  300  volts  (both  regulated). 


and  filament  power.  Ripple  is  kept 
very  low  so  as  to  obtain  stable 
klystron  operation. 

Sweeping  Oscillator 

Figure  2  shows  the  simplified 
schematic  diagram  of  the  sweeping 
oscillator.  All  adjustments  are 
available  at  the  front  panel.  The 
sawtooth  sweep  voltage  generator  is 
a  conventional  gas  tube  relaxation 
oscillator  utilizing  the  miniature 
2D21  gas  tetrode.  The  sweep  rate 
control  varies  the  capacitor  charg¬ 
ing  time-constant  to  make  available 
sweep  rates  from  approximately  50 
to  100  cps.  The  sweep  amplitude 
control  adjusts  the  output  fre¬ 
quency  excursion  up  to  a  maximum 
of  40  me  by  controlling  the  magni¬ 
tude  of  the  sawtooth  voltage  applied 
to  the  local  klystron  oscillator  re¬ 


peller  electrode.  The  use  of  this  ad¬ 
justable  relaxation  oscillator  for 
the  production  of  both  frequency 
and  oscilloscope  sweep  has  not  only 
added  to  the  flexibility  of  the  sys¬ 
tem,  but  has  also  eliminated  the 
inconvenient  phasing  adjustments 
necessary  when  the  line  supply  volt¬ 
age  is  used  for  the  same  purpose. 

It  is  also  possible  to  frequency 
modulate  the  klystron  from  an  ex¬ 
ternal  source  by  removing  the  2D21 
and  feeding  the  external  modulat¬ 
ing  signal  into  the  instrument 
through  the  sweep  output  jacks. 

Reflex  Klystron  Characteristics 

The  literature  is  sufficiently  rich 
in  klystron  references  to  make  any 
detailed  review  of  klystron  theory 
inappropriate.  However,  maximum 
efficiency  in  the  utilization  of  this 
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nearly  constant  amplitude  but  with 
a  cyclic  time  variation  in  frequency. 
A  sweep  voltage  whose  amplitude 
variation  is  synchronized  with  the 
signal  frequency  variation  is  also 
furnished  by  the  sweeping  oscilla¬ 
tor.  With  thtf  frequency  excursion 
approximately  centered  in  the  pass- 
band  of  the  receiver,  the  vertical 
amplifier  of  the  oscilloscope  is  con¬ 
nected  to  some  convenient  monitor¬ 
ing  point  in  the  audio  or  video  sec¬ 
tion  of  the  receiver.  The  sawtooth 
sweep  voltage  output  available  at 
the  oscillator  is  connected  to  the 
horizontal  amplifier  of  the  oscillo- 

Expansion  of  the  commercially  eluded  with  the  front  panel  controls,  scope,  or  the  internal  sweep  of  the 

useful  electromagnetic  fre-  Thus  the  sweeping  oscillator  in  com-  oscilloscope,  properly  synchronized, 

quency  spectrum,  accelerated  by  bination  with  any  cathode-ray  oscil-  is  used.  The  pattern  on  the  screen 

wartime  developments,  has  made  an  loscope  provides  a  receiver  align-  is  a  graph  whose  abscissa  is  fre- 

extremely  wideband  sweeping  os-  ment  tool  that  is  at  once  precise  and  quency  and  whose  ordinate  is  re- 

cillator  a  laboratory  necessity.  For  extremely  flexible.  For  example,  a  ceiver  response, 

example,  the  maintenance  man  al-  television  or  f-m  broadcast  receiver  This  method  of  alignment  is  more 
ternately  faced  with  servicing  a  can  be  aligned  with  equal  ease.  rapid  than  the  point-by-point  tech- 
standard  a-m‘  broadcast  receiver  In  aligning  a  receiver,  the  sweep-  nique.  What  is  usually  more  impor- 
and  next  a  television  receiver  needs  ing  oscillator  produces  a  signal  of  tant,  the  effect  of  the  adjustment 
an  oscillator  covering  a  wider  fre¬ 
quency  range  than  provided  from 
previously  available  signal  genera¬ 
tors.  The  research  worker  needs  a 
laboratory  instrument  covering  an 
even  greater  frequency  spread. 

To  meet  a  need  for  such  test 
equipment  a  wide-range  sweeping 
oscillator  has  been  developed.  It  has 
output  frequencies  between  50  kc 
and  500  me  immediately  available 
at  approximately  a  50-ohm  imped¬ 
ance  level  and  with  an  amplitude  of 
about  0.1  volt  maximum. 


Controls  for  froquancy  tuning  and  sweep  adjustment  are  on  front  panel  of  the  wide- 
range  sweeping  oscillator.  There  is  also  a  precision  tunable  resonant  cavity  for 
frequency  measiuement 


OSCILLATOR 

DISABLING 

CIRCUIT 


REGULATED 

POWER 

SUPPLY 


KLYSTRON 

(SIGNAL) 

OSCILLATOR 


ATTENUATOR 

AND 

BUFFER 


SWEEP 

GENERATOR 


MICRO¬ 

AMMETER 


SWEEP 

VOLTAGE 

OUTPUT 


X-BAND 

KLYSTRON 

(LOCAL) 

OSCILLATOR 


OUTPUT  TO 
JCIRCUIT 
UNDER 
TEST 


crystal 

MIXER 


Receiver  Alignment 

Frequency  excursion  per  sweep 
is  adjustable  to  a  maximum  of  ap¬ 
proximately  40  me.  A  sawtooth 
sweep  voltage  adjustable  between 
50  and  100  cps  is  available  at  front 
panel  terminals  to  be  used  either  as 
such  or  as  a  synchronizing  source 
for  another  sweep  generator.  A  pre¬ 
cision  coaxial  wavemeter  is  in- 
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FIG.  1 — Block  diagram  shows  principle  of  operation 
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FIG.  4 — Directional  couple  minimizes  pulling  between  klystrons;  tunable  cavity 
provides  frequency  calibration 


is  attenuated  more  in  passing 
through  the  directional  coupler. 
Hence,  adjustment  of  the  trans¬ 
mitted  amplitude  of  the  signal 
oscillator  controls  the  output  of 
the  sweeping  oscillator.  This  ar¬ 
rangement  also  prevents  the  pre¬ 
viously  mentioned  amplitude  modu¬ 
lation  of  the  local  oscillator  signal, 
associated  with  the  frequency  mod¬ 
ulating  process,  from  appearing  in 
the  output.  With  the  signal  oscilla¬ 
tor  producing  an  output  of  con¬ 
stant  amplitude,  the  output  of  this 
instrument  is  therefore  substan¬ 
tially  independent  of  variations  in 
the  amplitude  of  the  local  oscillator. 

Frequency  Calibrating  Circuit 

The  frequency  calibrating  circuit 
of  this  instrument  is  built  around 
a  precision  coaxial  absorption  wave- 
meter.  The  outer  conductor  of  the 
coaxial  line  is  silver  plated  on  its 
inner  surface,  and  the  moveable 
center  conductor  is  an  invar  rod 
successively  copper,  nickel,  and  sil¬ 
ver  plated.  This  type  of  construc¬ 
tion,  together  with  close  mechanical 
tolerances,  insures  high  Q,  negli¬ 
gible  temperature  coefficient,  and 
high  overall  precision. 

The  crystal  current  indicated  on 
the  microammeter  is  a  function  of 
the  rectified  output  of  both  the  local 
and  signal  oscillators.  Normally, 
however,  the  highly  attenuated  sig¬ 
nal  of  the  signal  oscillator  contrib¬ 
utes  a  negligible  amount  to  the  total 
crystal  current.  Hence  in  order  to 
monitor  the  output  or  measure  the 
frequency  of  the  signal  oscillator  it 
is  necessary  to  deactivate  the  local 
oscillator  and  increase  the  meter 
sensitivity  by  a  pushbutton  switch 
on  the  front  panel. 

In  the  operation  of  this  instru¬ 
ment,  a  reading  proportional  to  the 
local  oscillator  frequency  is  taken 
and  recorded,  with  the  sweep  ampli¬ 
tude  at  zero.  The  pushbutton  is 
then  depressed,  and  a  reading  is 
taken  of  the  frequency  of  the  sig¬ 
nal  oscillator.  The  output  frequency 
is  then  the  difference  multiplied  by 
a  proportionality  factor. 

After  the  oscilloscope  pattern  is 
properly  located  and  centered  ap¬ 
propriately  to  the  equipment  under 
test,  the  calibration  of  the  fre¬ 
quency  axis  of  this  pattern  is  ac¬ 
complished  by  first  recording  the 
wavemeter  reading  proportional  to 


the  wavelength  of  the  signal  oscil¬ 
lator.  This  measurement  involves 
tuning  the  wavemeter  until  the  en¬ 
tire  visible  pattern  decreases.  The 
wavemeter  is  then  varied  until  a 
moveable  dip  is  seen  on  the  pattern. 
The  movable  dip  is  an  indication  of 
the  frequency  of  the  local  oscillator 
and  is  used  to  measure  the  width 
of  the  passband  and,  in  conjunction 
with  the  signal  oscillator  reading, 
the  absolute  frequency.  This  pro¬ 
cedure  eliminates  the  use  of  any 
switching. 

The  midpoint  of  the  frequency  ex¬ 
cursion  can  be  readily  adjusted  to 
a  maximum  of  500  me.  This  limit 
is  not  imposed  by  the  frequency 
range  of  the  two  klystrons.  Indeed, 
if  only  the  range  of  the  two  oscilla¬ 
tors  were  considered,  a  maximum 
midpoint  frequency  of  nearly  1,000 
me  could  be  reached.  This  last  fig¬ 
ure  arises  from  the  fact  that  each 
oscillator  has  a  frequency  range 
of  about  1,000  me,  covering  the  oand 
8,700  to  9,700  me.  The  upper  fre¬ 
quency  limitation  of  the  instrument 
is  determined  by  the  properties  of 
the  output  circuit.  Much  above  500 
me,  the  unavoidable  capacitances 
in  the  crystal  mixer  output  circuit 
take  their  toll  and  the  output  am¬ 
plitudes  fall  off.  If,  however,  a  co¬ 
axial  output  circuit  is  used,  it  is 
possible  to  push  the  frequency  limit 
up  another  octave  to  1,000  me. 

The  sweep  amplitude  adjustment 
gives  continuous  control  of  the  fre¬ 
quency  excursion  per  sweep  from 
zero  up  to  a  maximum  of  40  me. 
This  large  frequency  excursion, 
together  with  the  frequency  cover¬ 
age,  gives  ample  and  flexible  cover¬ 
age  for  most  if  not  all  commercial 


vhf  applications,  including  color 
television. 

With  the  local  oscillator  sweep¬ 
ing  a  frequency  range  that  just  or 
nearly  includes  the  constant  fre¬ 
quency  of  the  signal  oscillator,  it  is 
possible  to  obtain  output  frequen¬ 
cies  close  to  the  audio  range.  Ideally, 
of  course,  the  complete  audio  band 
could  be  covered.  This  is  not  prac¬ 
tically  feasible,  however,  because 
even  with  a  carefully  designed 
waveguide  system  there  is  some 
pulling  or  interaction  between  the 
two  oscillators  when  their  frequen¬ 
cies  are  close.  This  interaction  can 
be  ascribed  to  the  small  departure 
of  Uie  waveguide  terminations  and 
crystal  mixer  assembly  from  the 
ideal  flat  waveband  loading.  It  is 
this  pulling  which  limits  the  low 
end  of  the  frequency  range. 

In  addition  to  the  use  of  the 
sweeping  oscillator  as  an  aligning 
instrument,  it  is  also  possible  to 
utilize  the  oscillator  without  the 
sweeping  feature  by  the  simple  ex¬ 
pedient  of  turning  off  the  sweep 
amplitude.  This  instrument  so  op¬ 
erated  becomes  a  c-w  signal  source 
with  the  above-mentioned  ranges. 

This  instrument  is  well  suited  for 
instructional  purposes  as  it  pro¬ 
duces  visual  indications  of  the  fre¬ 
quency  characteristics  of  receivers 
and  transducers  when  used  in  con¬ 
junction  with  a  suitable  oscillo¬ 
scope. 

No  complete  attempt  to  enumer¬ 
ate  the  capabilities  of  this  instru¬ 
ment  has  been  made.  It  is  the  opin¬ 
ion  of  the  designers  that  this  in¬ 
strument  is  intrinsically  so  flexible 
that  numerous  additional  uses  will 
suggest  themselves  to  the  user. 
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is  minimized  though  not  entirely 
eliminated,  as  later  explained. 

Signal  from  the  signal  oscillator 
undergoes  about  K)  db  attenuation 
in  passing  through  the  directional 
coupler  and,  constrained  by  the 
one-way  properties  of  the  coupler, 
reaches  only  the  crystal  mixer  as¬ 
sembly.  There  is  little  reflection  of 
this  particular  signal  in  either  of 
the  waveguides  because  the  crystal 
assembly  is  in  the  shorter  wave¬ 
guide,  and  a  carbon  coated  termina¬ 
tion  card  is  in  the  other.  Both  pro¬ 
vide  loads  of  approximately  the 
characteristic  impedance  of  their 
waveguides.  The  signal  from  the 
local  oscillator  travels  directly  to 
the  mixer.  The  portion  of  the  sig¬ 
nal  from  this  source  entering  the 
longer  waveguide  by  way  of  the 
three-hole  coupler  is  directed  only 
toward  the  termination,  where  it  is 
completely  absorbed. 

The  two  attenuators  shown  in 
Fig.  4  have  somewhat  different  pur¬ 
poses.  The  attenuator  between  lo- 


sweeping  oscillator  requires  that 
certain  klystron  characteristics  be 
kept  clearly  in  mind.  Figure  3  gives 
two  plots,  both  against  the.  magni¬ 
tude  of  negative  repeller  voltage, 
as  the  abscissa-  (repeller  voltage  in¬ 
creasing  in  negative  value  to  the 
right) ;  one  graph  is  with  output 
as  the  oj'dinate,  the  other  with  fre¬ 
quency  as  the  ordinate. 

The  plot  of  output  against  repel¬ 
ler  voltage  indicates  that  oscilla¬ 
tions  can  be  sustained  over  certain 
ranges  of  repeller  voltages.  No’te 
that  the  average  magnitude  of  the 
output  over  the  two  ranges  shown  is 
greater  for  the  higher  repeller  volt¬ 
age.  The  mode  with  the  greater  out¬ 
put,  as  would  be  expected,  is  asso¬ 
ciated  with  the  lesser  time  of  the 
electron  bunches  in  the  space  be¬ 
tween  the  bunching  grids  and  the 
repeller.  The  two"  voltage  modes  are 
only  representative;  there  may  be 
more  or  fewer  depending  on  the 
electrode  voltages  obtainable. 

The  plot  of  repeller  voltage 
against  frequency  illustrates  the 
frequency  sweeping  principle  of 
this  instrument.  If  the  repeller  volt¬ 
age  is  varied  over  a  range  within 
the  limits  imposed  by  a  voltage 
mode,  then  the  frequency  of  the 
local  oscillator  will  vary  in  magni¬ 
tude  as  well  as  frequency,  as  be¬ 
tween  points  A  and  B  of  Fig.  3. 
This  variation  in  magnitude  might 
seem  to  introduce  an  unwanted 
amplitude  modulation  characteristic 
in  the  output.  Actually  such  is  not 
the  case,  for  reasons  to  be  men¬ 
tioned  in  the  next  section. 

The  natural  resonant  frequency 
of  the  cavity  of  either  klystron  is 
not  affected  by  the  variation  of  the 
repeller  voltage ;  such  variation 


merely  drives  the  cavity  off  reso¬ 
nance  up  to  a  limit  imposed  by  the 
effective  Q  of  the  cavity.  The  ac¬ 
tual  resonant  frequency  is  adjusted 
by  changing  the  grid  spacing  and 
thus  the  physical  conformation  of 
the  cavity.  The  grid  spacing  of 
either  klystron  can  be  changed,  but 
only  a  control  for  the  local  oscillator 
is  brought  out  to  the  front  panel  as 
the  coarse  tuner. 


Mixing  Oscillator  Outputs 

The  principal  design  problem  as¬ 
sociated  with  mixing  the  outputs 
of  the  two  oscillators  in  the  wave¬ 
guide  system  involved  the  efficient 
isolation  of  the  oscillators  from 
each  other  to  minimize  pulling. 
Furthermore,  sufficient  decoupling 
between  the  oscillators  and  their 
load  was  required.  Figure  4  illus¬ 
trates  the  waveguide  system  that 
was  used.  The  chief  feature  of  this 
system  is  the  broadband  directional 
coupler,  which  consists  physically 
of  three  holes  in  the  wall  between 
the  two  waveguides. 

Directional  couplers  are  designed 
to  provide  transmission  between 
two  waveguides  (or  transmission 
lines)  in  one  direction  only.  For 
this  particular  system,  the  direc¬ 
tional  coupler  allows  energy  from 
the  signal  oscillator  to  reach  the 
crystal  mixer,  but  ideally  no  en¬ 
ergy  from  this  source  reaches  the 
local  oscillator.  Similarly  a  mini¬ 
mum  amount  of  energy  from  the 
local  oscillator  reaches  the  signal 
oscillator.  Transmission  from  one 
waveguide  to  the  other  is  directed 
to  the  termination  and  is  almost 
completely  absorbed.  Thus  local  and 
signal  oscillators  are  isolated  and 
the  possibility  of  locking  or  pulling 


MAGNITUDE  OF  REPELLER  VOLTAGE 


FIG.  3 — Frequency  and  amplitude  of  klys¬ 
tron  output  are  affected  by  Yarying  its 
repeller  voltage 

cal  oscillator  and  mixer  decouples 
this  oscillator  from  its  load.  As  a 
matter  of  fact,  the  attenuator  ac¬ 
tion  is  incidental,  the  isolating  ac¬ 
tion  being  the  primary  considera¬ 
tion.  The  attenuator  in  the  signal 
oscillator  path  is  actually  the  out¬ 
put  attenuator;  that  is,  its  adjust¬ 
ment  controls  the  amplitude  of  the 
output  from  the  sweeping  oscillator. 
This  action  is  possible  because  the 
output  of  the  sweeping  oscillator 
results  from  the  heterodyning  of 
two  signals,  one  much  larger  than 
the  other;  the  heterodyned  output 
amplitude  is  substantially  independ¬ 
ent  of  the  larger.  The  smaller  of 
the  two  signals  at  the  mixer  is  that 
of  the  signal  oscillator,  as  this  one 


300  V 


SWEEP 

RATE 


723  A/B 
LOCAL 
OSCILLATO 


723  A/B 
SIGNAL 
OSCILLATOR 


0.5  MEG 


PEAK 
ADJUST 
MENT 
'>  N0  2 

?05MEG 


SWEEP 

AMPLI¬ 

TUDE 


PEAK 
ADJUST¬ 
MENT 
NO.  I 


FROM 

.CRYSTAL 

VIA 

FILTER 


SWEEP 

SYNCHRONIZING 

OUTPUT 


TO  WAVEGUIDE 


FIG.  2 — Schematic  of  sweeping  and  tuning  circuits 
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is  attenuated  more  in  passing 
through  the  directional  coupler. 
Hence,  adjustment  of  the  trans¬ 
mitted  amplitude  of  the  signal 
oscillator  controls  the  output  of 
the  sweeping  oscillator.  This  ar¬ 
rangement  also  prevents  the  pre¬ 
viously  mentioned  amplitude  modu¬ 
lation  of  the  local  oscillator  signal, 
associated  with  the  frequency  mod¬ 
ulating  process,  from  appearing  in 
the  output.  With  the  signal  oscilla¬ 
tor  producing  an  output  of  con¬ 
stant  amplitude,  the  output  of  this 
instrument  is  therefore  substan¬ 
tially  independent  of  variations  in 
the  amplitude  of  the  local  oscillator. 

Frequency  Calibrating  Circuit 

The  frequency  calibrating  circuit 
of  this  instrument  is  built  around 
a  precision  coaxial  absorption  wave- 
meter.  The  outer  conductor  of  the 
coaxial  line  is  silver  plated  on  its 
inner  surface,  and  the  moveable 
center  conductor  is  an  invar  rod 
succes.^ively  copper,  nickel,  and  sil¬ 
ver  plated.  This  type  of  construc¬ 
tion,  together  with  close  mechanical 
tolerances,  insures  high  Q,  negli¬ 
gible  temperature  coefficient,  and 
high  overall  precision. 

The  crystal  current  indicated  on 
the  microammeter  is  a  function  of 
the  rectified  output  of  both  the  local 
and  signal  oscillators.  Normally, 
however,  the  highly  attenuated  sig¬ 
nal  of  the  signal  oscillator  contrib¬ 
utes  a  negligible  amount  to  the  total 
crystal  current.  Hence  in  order  to 
monitor  the  output  or  measure  the 
frequency  of  the  signal  oscillator  it 
is  necessary  to  deactivate  the  local 
oscillator  and  increase  the  meter 
sensitivity  by  a  pushbutton  switch 
on  the  front  panel. 

In  the  operation  of  this  instru¬ 
ment,  a  reading  proportional  to  the 
local  oscillator  frequency  is  taken 
and  recorded,  with  the  sweep  ampli¬ 
tude  at  zero.  The  pushbutton  is 
then  depressed,  and  a  reading  is 
taken  of  the  frequency  of  the  sig¬ 
nal  oscillator.  The  output  frequency 
is  then  the  difference  multiplied  by 
a  proportionality  factor. 

After  the  oscilloscope  pattern  is 
properly  located  and  centered  ap¬ 
propriately  to  the  equipment  under 
test,  the  calibration  of  the  fre¬ 
quency  axis  of  this  pattern  is  ac¬ 
complished  by  first  recording  the 
wavemeter  reading  proportional  to 


the  wavelength  of  the  signal  oscil¬ 
lator.  This  measurement  involves 
tuning  the  wavemeter  until  the  en¬ 
tire  visible  pattern  decreases.  The 
wavemeter  is  then  varied  until  a 
moveable  dip  is  seen  on  the  pattern. 
The  movable  dip  is  an  indication  of 
the  frequency  of  the  local  oscillator 
and  is  used  to  measure  the  width 
of  the  passband  and,  in  conjunction 
with  the  signal  oscillator  reading, 
the  absolute  frequency.  This  pro¬ 
cedure  eliminates  the  use  of  any 
switching. 

The  midpoint  of  the  frequency  ex¬ 
cursion  can  be  readily  adjusted  to 
a  maximum  of  500  me.  This  limit 
is  not  imposed  by  the  frequency 
range  of  the  two  klystrons.  Indeed, 
if  only  the  range  of  the  two  oscilla¬ 
tors  were  considered,  a  maximum 
midpoint  frequency  of  nearly  1,000 
me  could  be  reached.  This  last  fig¬ 
ure  arises  from  the  fact  that  each 
oscillator  has  a  frequency  range 
of  about  1,000  me,  covering  the  oand 
8,700  to  9,700  me.  The  upper  fre¬ 
quency  limitation  of  the  instrument 
is  determined  by  the  properties  of 
the  output  circuit.  Much  above  500 
me,  the  unavoidable  capacitances 
in  the  crystal  mixer  output  circuit 
take  their  toll  and  the  output  am¬ 
plitudes  fall  off.  If,  however,  a  co¬ 
axial  output  circuit  is  used,  it  is 
possible  to  push  the  frequency  limit 
up  another  octave  to  1,000  me. 

The  sweep  amplitude  adjustment 
gives  continuous  control  of  the  fre¬ 
quency  excursion  per  sweep  from 
zero  up  to  a  maximum  of  40  me. 
This  large  frequency  excursion, 
together  with  the  frequency  cover¬ 
age,  gives  ample  and  fiexible  cover¬ 
age  for  most  if  not  all  commercial 


vhf  applications,  including  color 
television. 

With  the  local  oscillator  sweep¬ 
ing  a  frequency  range  that  just  or 
nearly  includes  the  constant  fre¬ 
quency  of  the  signal  oscillator,  it  is 
possible  to  obtain  output  frequen¬ 
cies  close  to  the  audio  range.  Ideally, 
of  course,  the  complete  audio  band 
could  be  covered.  This  is  not  prac¬ 
tically  feasible,  however,  because 
even  with  a  carefully  designed 
waveguide  system  there  is  some 
pulling  or  interaction  between  the 
two  oscillators  when  their  frequen¬ 
cies  are  close.  This  interaction  can 
be  ascribed  to  the  small  departure 
of  ^e  waveguide  terminations  and 
crystal  mixer  assembly  from  the 
ideal  fiat  waveband  loading.  It  is 
this  pulling  which  limits  the  low 
end  of  the  frequency  range. 

In  addition  to  the  use  of  the 
sweeping  oscillator  as  an  aligning 
instrument,  it  is  also  possible  to 
utilize  the  oscillator  without  the 
sweeping  feature  by  the  simple  ex¬ 
pedient  of  turning  off  the  sweep 
amplitude.  This  instrument  so  op¬ 
erated  becomes  a  c-w  signal  source 
with  the  above-mentioned  ranges. 

This  instrument  is  well  suited  for 
instructional  purposes  as  it  pro¬ 
duces  visual  indications  of  the  fre¬ 
quency  characteristics  of  receivers 
and  transducers  when  used  in  con¬ 
junction  with  a  suitable  oscillo¬ 
scope. 

No  complete  attempt  to  enumer¬ 
ate  the  capabilities  of  this  instru¬ 
ment  has  been  made.  It  is  the  opin¬ 
ion  of  the  designers  that  this  in¬ 
strument  is  intrinsically  so  flexible 
that  numerous  additional  uses  will 
suggest  themselves  to  the  user. 
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sweeping  oscillator  requires  that 
certain  klystron  characteristics  be 
kept  clearly  in  mind.  Figure  3  gives 
two  plots,  both  against  the.  magni¬ 
tude  of  negative  repeller  voltage, 
as  the  abscissa-  (repeller  voltage  in¬ 
creasing  in  negative  value  to  the 
right) ;  one  graph  is  with  output 
as  the  oj'dinate,  the  other  with  fre¬ 
quency  as  the  ordinate. 

The  plot  of  output  against  repel¬ 
ler  voltage  indicates  that  oscilla¬ 
tions  can  be  sustained  over  certain 
ranges  of  repeller  voltages.  Ndte 
that  the  average  magnitude  of  the 
output  over  the  two  ranges  shown  is 
greater  for  the  higher  repeller  volt¬ 
age.  The  mode  with  the  greater  out¬ 
put,  as  would  be  expected,  is  asso¬ 
ciated  with  the  lesser  time  of  the 
electron  bunches  in  the  space  be¬ 
tween  the  bunching  grids  and  the 
repeller.  The  two  voltage  modes  are 
only  representative;  there  may  be 
more  or  fewer  depending  on  the 
electrode  voltages  obtainable. 

The  plot  of  repeller  voltage 
against  frequency  illustrates  the 
frequency  sweeping  principle  of 
this  instrument.  If  the  repeller  volt¬ 
age  is  varied  over  a  range  within 
the  limits  imposed  by  a  voltage 
mode,  then  the  frequency  of  the 
local  oscillator  will  vary  in  magni¬ 
tude  as  well  as  frequency,  as  be¬ 
tween  points  A  and  B  of  Fig.  3. 
This  variation  in  magnitude  might 
seem  to  introduce  an  unwanted 
amplitude  modulation  characteristic 
in  the  output.  Actually  such  is  not 
the  case,  for  reasons  to  be  men¬ 
tioned  in  the  next  section. 

The  natural  resonant  frequency 
of  the  cavity  of  either  klystron  is 
not  affected  by  the  variation  of  the 
repeller  voltage ;  such  variation 


merely  drives  the  cavity  off  reso¬ 
nance  up  to  a  limit  imposed  by  the 
effective  Q  of  the  cavity.  The  ac¬ 
tual  resonant  frequency  is  adjusted 
by  changing  the  grid  spacing  and 
thus  the  physical  conformation  of 
the  cavity.  The  grid  spacing  of 
either  klystron  can  be  changed,  but 
only  a  control  for  the  local  oscillator 
is  brought  out  to  the  front  panel  as 
the  coarse  tuner. 


Hixing  Oscillator  Outputs 

The  principal  design  problem  as¬ 
sociated  with  mixing  the  outputs 
of  the  two  oscillators  in  the  wave¬ 
guide  system  involved  the  efficient 
isolation  of  the  oscillators  from 
each  other  to  minimize  pulling. 
Furthermore,  sufficient  decoupling 
between  the  oscillators  and  their 
load  was  required.  Figure  4  illus¬ 
trates  the  waveguide  system  that 
was  used.  The  chief  feature  of  this 
system  is  the  broadband  directional 
coupler,  which  consists  physically 
of  three  holes  in  the  wall  between 
the  two  waveguides. 

Directional  couplers  are  designed 
to  provide  transmission  between 
two  waveguides  (or  transmission 
lines)  in  one  direction  only.  For 
this  particular  system,  the  direc¬ 
tional  coupler  allows  energy  from 
the  signal  oscillator  to  reach  the 
crystal  mixer,  but  ideally  no  en¬ 
ergy  from  this  source  reaches  the 
local  oscillator.  Similarly  a  mini¬ 
mum  amount  of  energy  from  the 
local  oscillator  reaches  the  signal 
oscillator.  Transmission  from  one 
waveguide  to  the  other  is  directed 
to  the  termination  and  is  almost 
completely  absorbed.  Thus  local  and 
signal  oscillators  are  isolated  and 
the  possibility  of  locking  or  pulling 


723  A/B 
SIGNAL 
OSCILLATOR 


0.5  MEG 


TUNING 


FROM 

.CRYSTAL 

VIA 

FILTER 


TO  WAVEGUIDE 


FIG.  2 — Schematic  oi  sweeping  and  tuning  circuits 


is  minimized  though  not  entirely 
eliminated,  as  later  explained. 

Signal  from  the  signal  oscillator 
undergoes  about  K)  db  attenuation 
in  passing  through  the  directional 
coupler  and,  constrained  by  the 
one-way  properties  of  the  coupler, 
reaches  only  the  crystal  mixer  as¬ 
sembly.  There  is  little  reflection  of 
this  particular  signal  in  either  of 
the  waveguides  because  the  crystal 
assembly  is  in  the  shorter  wave¬ 
guide,  and  a  carbon  coated  termina¬ 
tion  card  is  in  the  other.  Both  pro¬ 
vide  loads  of  approximately  the 
characteristic  impedance  of  their 
waveguides.  The  signal  from  the 
local  oscillator  travels  directly  to 
the  mixer.  The  portion  of  the  sig¬ 
nal  from  this  source  entering  the 
longer  waveguide  by  way  of  the 
three-hole  coupler  is  directed  only 
toward  the  termination,  where  it  is 
completely  absorbed. 

The  two  attenuators  shown  in 
Fig.  4  have  somewhat  different  pur¬ 
poses.  The  attenuator  between  lo- 


FIG.  3 — Frequency  and  amplitude  oi  klys¬ 
tron  output  ore  aiiected  by  Torying  its 

repeller  voltage 

cal  oscillator  and  mixer  decouples 
this  oscillator  from  its  load.  As  a 
matter  of  fact,  the  attenuator  ac¬ 
tion  is  incidental,  the  isolating  ac¬ 
tion  being  the  primary  considera¬ 
tion.  The  attenuator  in  the  signal 
oscillator  path  is  actually  the  out¬ 
put  attenuator;  that  is,  its  adjust¬ 
ment  controls  the  amplitude  of  the 
output  from  the  sweeping  oscillator. 
This  action  is  possible  because  the 
output  of  the  sweeping  oscillator 
results  from  the  heterodyning  of 
two  signals,  one  much  larger  than 
the  other;  the  heterodyned  output 
amplitude  is  substantially  independ¬ 
ent  of  the  larger.  The  smaller  of 
the  two  signals  at  the  mixer  is  that 
of  the  signal  oscillator,  as  this  one 
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Antenna  tower  and  turntable  uaed  in  har¬ 
bor  control  initollation  at  Holiiox.  Noya 
Scotia.  The  operating  room  is  directly 
beneath  the  tower 

pattern  is  made  independent  of 
fluctuations  in  transmitted  power 
by  an  unusually  simple  method.  The 
received  signal  is  merely  balanced 
against  a  monitor  voltage.  The  re¬ 
corder  does  not  respond  to,  nor  is  it 
jammed  by  interference  encoun¬ 
tered  around  a  radar  establishment, 
and  a  high  receiver  sensitivity  is 
realized  without  the  necessity  of 
using  tuned  amplifiers.  These  char¬ 
acteristics  are  achieved  by  using 
the  pen  motor  in  a  synchronous 
detector  circuit. 

Arrangement  of  Equipment 

All  the  equipment  illustrated  with 
the  exception  of  the  receiving  an¬ 
tenna  and  its  associated  detector 
and  amplifier,  is  located  in  a  room 
under  the  antenna  turntable.  The 
block  diagram  of  interconnections  is 
shown  in  Fig.  1.  Several  receiving 
antennas  for  different  bands  and  at 
various  distances  are  available  to 
increase  the  flexibility  of  the  sys¬ 
tem,  and  all  are  remotely  controlled 
from  the  recorder  room.  The  re¬ 
ceiving  antennas  have  directional 
characteristics  to  reduce  the  influ¬ 
ence  of  undesirable  reflections. 

In  operation,  modulated  radio¬ 
frequency  energy  is  transmitted 
from  the  test  antenna,  which  is  lo- 
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cated  on  the  turntable.  As  this  an¬ 
tenna  is  rotated,  the  varying  field 
strength  at  the  receiver  is  used  to 
control  the  movement  of  a  pen 
which  traces  the  pattern  on  a  ro¬ 
tating  drum  geared  to  the  turn¬ 
table  drive  shaft. 

Field'Strength  Pattern 

A  power  pattern  of  a  high-gain 
antenna  is  not  satisfactory  because 
the  side  lobes  are  not  given  sufficient 
prominence.  Field  strength  pat¬ 
terns  overcome  this  objection  and 
can  be  used  directly  to  represent 
a  contour  of  constant  power  or  con¬ 
stant  field  strength.  As  the  only 
suitable  detectors  give  an  output 
proportional  to  the  power  in  the 
received  signal,  a  direct-recording 
system  with  a  linear  potentiometer 
would  give  power  patterns.  To 
obtain  the  desired  field  strength 
patterns,  a  special  attenuator  could 
be  used,  but  this  would  result  in  a 
recording  sensitivity  which  varies 
with  pen  position.  Since  speed  and 
accuracy  place  severe  restrictions 
on  the  sensitivity,  such  a  system 
would  be  satisfactory  over  a  small 
range  of  signals  only.  In  the  cir¬ 
cuit  to  be  described,  field  strength 


patterns  are  obtained  with  constant 
recording  sensitivity. 

The  transmitter  most  commonly 
used  with  the  recorder  is  a  klystron 
oscillator  which  is  modulated  by 
90-cycle  square  waves  from  the 
multivibrator  circuit  shown  in  Fig. 
2.  The  choice  of  90  cycles  was 
made  to  avoid  power  line  frequency 
interference,  and  because  there 
were  no  other  users  of  90-cycle  fre¬ 
quency  in  the  vicinity. 

Part  of  the  output  from  the  mul¬ 
tivibrator  is  amplified  and  applied 
to  one  field  of  the  motor.  A  phase 
adjuster  is  provided  to  obtain  the 
correct  phase  between  the  voltages 
on  the  two  fields  of  the  motor. 

Raeeiving  Eqaipment 

The  signal  bolometer  and  am¬ 
plifier  are  located  near  the  receiv¬ 
ing  antenna.  The  bolometer  is  a 
Littelfuse  element  acting  as  a 
square-law  detector.  These  ele¬ 
ments  have  been  in  use  for  a  num¬ 
ber  of  years,  and  repeated  tests  by 
various  methods  and  observers 
have  proven  them  to  be  very  ac¬ 
curately  square-law  up  to  several 
milliwatts.  Thus  the  detected  volt¬ 
age  is  proportional  to  the  radio- 


FIG.  1 — Block  diagram  of  the  automatic  recorder.  Mechonical  linkages  between 
transmitting  antenna  and  recording  drum  and  between  the  attenuators  and  the 
recording  pen  are  indicated  by  dashed  lines 
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Development,  adjustment,  and  routine  maintenance  of  microwave  antenna  systems  require 
a  means  for  plotting  the  radiation  pattern  quickly.  This  system  uses  simple  potentiom¬ 


eters  hut  requires  no  nonlinear  circuit  elements.  The  recorded  pattern  is  independent 
of  transmitter  power  fluctuations  and  high  sensitivity  is  realized  without  tuned  amplifiers 


IN  THE  DEVELOPMENT  of  high-gain 
microwave  antennas,  numerous 
radiation  patterns  are  required 
when  checking  critical  adjustments 
to  feeds,  radiators  and  reflectors 
before  optimum  conditions  for 
beamwidth  and  side  lobes  are  found. 
Manual  pattern-faking  is  a  slow, 
laborious  process,  as  it  is  generally 


necessary  to  measure  received  or 
transmitted  power  at  each  of  many 
angles,  and  to  calculate  and  plot 
each  pattern.  To  speed  up  this  type 
of  work,  an  automatic  recorder  was 
developed  at  the  National  Research 
Council  of  Canada,  with  ’  some 
unique  features. 

Although  the  recorder  plots  the 


square  root  of  the  detected  signal, 
only  simple  wire-wound  potentiom¬ 
eters  in  which  resistance  varies 
linearly  with  'angle  are  required. 
Furthermore,  since  no  circuit  ele¬ 
ments  with  nonlinear  amplitude 
characteristics  are  used,  an  accur¬ 
acy  of  1  percent  in  the  trace  is  real¬ 
ized  in  daily  operation.  The 


I 


J 

> 


I 

f 

1 

1 

f 


J 

t 

£ 

I 


t 

t 


I 

I 


f 

1 


Beam  Evaluator 


By  H.  LeCAINE  and  M.  KATCHKY 

AaaUtant  Reaearch  Phyaiciat  Junior  Reaearch  Engineer 

National  Reaearch  Council 
Ottawa,  Canada 


Antenna  tower  and  turntable  used  in  har¬ 
bor  control  installation  at  Holilox.  Nora 
Scotia.  The  operating  room  is  directly 
beneath  the  tower 

pattern  is  made  independent  of 
fluctuations  in  transmitted  power 
by  an  unusually  simple  method.  The 
received  si^al  is  merely  balanced 
against  a  monitor  voltage.  The  re¬ 
corder  does  not  respond  to,  nor  is  it 
jammed  by  interference  encoun¬ 
tered  around  a  radar  establishment, 
and  a  high  receiver  sensitivity  is 
realized  without  the  necessity  of 
using  tuned  amplifiers.  These  char¬ 
acteristics  are  achieved  by  using 
the  pen  motor  in  a  synchronous 
detector  circuit. 

Arrangement  of  Equipment 

All  the  equipment  illustrated  with 
the  exception  of  the  receiving  an¬ 
tenna  and  its  associated  detector 
and  amplifier,  is  located  in  a  room 
under  the  antenna  turntable.  The 
block  diagram  of  interconnections  is 
shown  in  Fig.  1.  Several  receiving 
antennas  for  different  bands  and  at 
various  distances  are  available  to 
increase  the  flexibility  of  the  sys¬ 
tem,  and  all  are  remotely  controlled 
from  the  recorder  room.  The  re¬ 
ceiving  antennas  have  directional 
characteristics  to  reduce  the  influ¬ 
ence  of  undesirable  reflections. 

In  operation,  modulated  radio¬ 
frequency  energy  is  transmitted 
from  the  test  antenna,  which  is  lo¬ 


cated  on  the  turntable.  As  this  an¬ 
tenna  is  rotated,  the  varying  field 
strength  at  the  receiver  is  used  to 
control  the  movement  of  a  pen 
which  traces  the  pattern  on  a  ro¬ 
tating  drum  geared  to  the  turn¬ 
table  drive  shaft. 

Field-Strength  Pattern 

A  power  pattern  of  a  high-gain 
antenna  is  not  satisfactory  because 
the  side  lobes  are  not  given  sufficient 
prominence.  Field  strength  pat¬ 
terns  overcome  this  objection  and 
can  be  used  directly  to  represent 
a  contour  of  constant  power  or  con¬ 
stant  field  strength.  As  the  only 
suitable  detectors  give  an  output 
proportional  to  the  power  in  the 
received  signal,  a  direct-recording 
system  with  a  linear  potentiometer 
would  give  power  patterns.  To 
obtain  the  desired  field  strength 
patterns,  a  special  attenuator  could 
be  used,  but  this  would  result  in  a 
recording  sensitivity  which  varies 
with  pen  position.  Since  speed  and 
accuracy  place  severe  restrictions 
on  the  sensitivity,  such  a  system 
would  be  satisfactory  over  a  small 
range  of  signals  only.  In  the  cir¬ 
cuit  to  be  described,  field  strength 


patterns  are  obtained  with  constant 
recording  sensitivity. 

The  transmitter  most  commonly 
used  with  the  recorder  is  a  klystron 
oscillator  which  is  modulated  by 
90-cycle  square  waves  from  the 
multivibrator  circuit  shown  in  Fig. 
2.  The  choice  of  90  cycles  was 
made  to  avoid  power  line  frequency 
interference,  and  because  there 
were  no  other  users  of  90-cycle  fre¬ 
quency  in  the  vicinity. 

Part  of  the  output  from  the  mul¬ 
tivibrator  is  amplified  and  applied 
to  one  field  of  the  motor.  A  phase 
adjuster  is  provided  to  obtain  the 
correct  phase  between  the  voltages 
on  the  two  fields  of  the  motor. 

Receiving  Eqnipment 

The  signal  bolometer  and  am¬ 
plifier  are  located  near  the  receiv¬ 
ing  antenna.  The  bolometer  is  a 
Littelfuse  element  acting  as  a 
square-law  detector.  These  ele¬ 
ments  have  been  in  use  for  a  num¬ 
ber  of  years,  and  repeated  tests  by 
various  methods  and  observers 
have  proven  them  to  be  very  ac¬ 
curately  square-law  up  to  several 
milliwatts.  Thus  the  detected  volt¬ 
age  is  proportional  to  the  radio- 


FIG.  1 — Block  diagram  of  the  automatic  recorder.  Mechanical  linkages  between 
transmitting  antenna  and  recording  drum  and  between  the  attenuators  and  the 
recording  pen  are  indicated  by  dashed  lines 
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Microwave  Antenna 


Development,  adjustment,  and  routine  maintenance  of  microwave  antenna  systems  require 
a  means  for  plotting  the  radiation  pattern  quickly.  This  system  uses  simple  potentiom- 
•  eters  hut  requires  no  nonlinear  circuit  elements.  The  recorded  pattern  is  independent 
of  transmitter  power  fluctuations  and  high  sensitivity  is  realized  without  tuned  amplifiers 


IN  THE  DEVELOPMENT  of  high-gain 
microwave  antennas,  numerous 
radiation  patterns  are  required 
when  checking  critical  adjustments 
to  feeds,  radiators  and  reflectors 
before  optimum  conditions  for 
beamwidth  and  side  lobes  are  found. 
Manual  pattern-faking  is  a  slow, 
laborious  process,  as  it  is  generally 


necessary  to  measure  received  or 
transmitted  power  at  each  of  many 
angles,  and  to  calculate  and  plot 
each  pattern.  To  speed  up  this  type 
of  work,  an  automatic  recorder  was 
developed  at  the  National  Research 
Council  of  Canada,  with  '  some 
unique  features. 

Although  the  recorder  plots  the 


square  root  of  the  detected  signal, 
only  simple  wire-wound  potentiom¬ 
eters  in  which  resistance  varies 
linearly  with  'angle  are  required. 
Furthermore,  since  no  circuit  ele¬ 
ments  with  nonlinear  amplitude 
characteristics  are  used,  an  accur¬ 
acy  of  1  percent  in  the  trace  is  real¬ 
ized  in  daily  operation.  The 


Main  portion  of  the  equipment  located  at  the  operating  position.  The  antenna  is  mounted  directly  abore  and  gain  controls  for  the 

remote  receiTing  antennas  are  easily  accessible 


116 


August,  1947  —  ELECTRONICS 


One  of  several  typical  receiving  stations  located  at  a  distance  irom  the  transmitting 
antenna.  Gain  of  the  amplifier  (lower  center)  is  remotely  controlled  irom  the  operat¬ 
ing  position 


justed  to  be  correct  at  full  scale, 
the  error  introduced  by  the  above 
approximation  is  negligible  (within 
0.1  percent  full  scale)  down  to  a 
pen  position  of  1  percent  of  full 
scale.  Further,  since  F.  and  are 
both  proportional  to  the  oscillator 
output  power,  their  ratio,  and  there¬ 
fore  the  pen  position,  is  independent 
of  the  oscillator  power. 

At  a  given  instant,  the  voltage 
applied  to  the  motor  is  proportional 
to 

V=  E„0-  Eje 

Taking  the  recording  sensitivity 
S  as  being  equal  to  the  change  in 
voltage  per  unit  change  in  pen  posi¬ 
tion,  it  is  seen  that 


but 

E./0^  = 

therefore 

5  =  2 

Thus  the  sensitivity  is  independ¬ 
ent  of  the  pen  position.  It  is  how¬ 
ever,  proportional  to  the  monitor 
voltage,  but  the  fluctuations  in  out¬ 
put  normally  encountered  do  not 
produce  significant  changes  in  sen¬ 
sitivity. 

Recording  Circuits 

The  circuit  diagram  for  the  mixer 
and  recording  motor  is  shown  in 
Fig.  4.  Where  it  is  necessary  to 
have  a  transformer  before  the  point 


where  the  two  voltages  are  added, 
great  care  must  be  taken,  as  it  is 
essential  that  there  should  be  no 
change  of  phase  with  amplitude. 
The  first  stage  is  a  signal  amplifier 
with  cathode  feedback.  Following 
this,  the  two  voltages  are  added  in 
a  circuit  containing  only  simple  re¬ 
sistance.  Phase  trimmers  are  pro¬ 
vided  in  both  monitor  and  signal 
lines  to  obtain  the  correct  phase 
relationship.  The  remaining  s*^ages 


amplify  the  difference  voltage  be¬ 
fore  it  is  applied  to  the  motor.  The 
gain  is  adjusted  for  optimum  re¬ 
cording  sensitivity  after  the  moni¬ 
tor  voltage  has  been  set  at  the 
required  value. 

The  recording  motor  is  a  small 
alternating-current  drag  cup  motor 
which  has  two  field  windings  on  the 
stator  surrounding  a  cup-shaped  ro¬ 
tor.^  The  rotating  shaft  drives  the 
ganged  attenuator  contacts  and  also 
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FIG.  2 — The  90-cycle  supply  comprises  a  multivibrator  circuit  locked  to  the  powerline  frequency.  Output  from  the  unit  modulates 
the  r-f  oscillator.  A  second  output  reaches  the  motor  by  way  of  a  phase  shifter  cmd  amplifier 
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frequency  powec  in  the  received 
signal. 

The  associated  amplifier  is  well 
shielded  to  avoid  blocking  by  anv 
heavy  radar  interference  picked  up 
in  the  early  stages.  The  synchron¬ 
ous  detector  circuit  to  be  described 
makes  unnecessary  the  use  of  tuned 
amplifiers.  The  overall  gain  can  be 
varied  from  40  decibels  to  110  deci¬ 
bels  in  order  to  accommodate  vari¬ 
ous  antennas.  Coarse  adjustments 
in  gain,  covering  a  50-decibel  range 
in  nine  steps,  are  made  at  the  re¬ 
ceiving  sites,  while  fine  adjustments 
over  a  20-decibel  range  are  made  re¬ 
motely  at  the  recording  room.  The  traces  out  a  field  strength  pattern 

gain  of  the  amplifier  is  made  stable  3— One-tenth  of  the  monitor  attenua-  ^vhich  is  not  affected  by  power 

by  the  use  of  inverse  feedback,  attenuator  output  and  the  resultant  fluctuations  in  the  transmitter.  Let 

which  also  ensures  a  linear  re-  difference  voltaqe  drives  the  pen  motor  ®  represent  the  pen  position  ex- 
sponse.  By  careful  design  and  until  the  two  quantities  are  equalized  pressed  as  a  fraction  of  the  maxi¬ 
shielding,  a  low  noise  level  in  the  mum  pen  displacement.  It  will  also 

amplifier  is  achieved,  allowing  a  giving  an  audio-frequency  voltage  represent  the  position  of  the  two 
high  signal-to-noise  ratio  oven  for  proportional  to  the  transmitted  potentiometers  expressed  as  a  frac- 
many  low-gain  antennas.  Ratios  of  power.  Any  fluctuation  in  the  tion  of  their  maximum  displace- 
100-to-l  in  field  strength,  therefore,  transmitter  output  will  affect  both  ment.  Then  for  a  monitor  voltage 
can  be  measured  easily,  and  at  maxi-  the  signal  and  monitor  voltages  to  of  and  a  signal  voltage  E,  at  the 
mum  gain  a  receiver  sensitivity  of  the  same  extent,  leaving  the  ratio  attenuator  inputs  (Fig.  3) 

about  0.003  microvolt  across  500  of  the  two  unchanged.  As  will  be  Output  of  signal  attenuator  = 

ohms  is  realized.  seen  later,  the  pen  position  at  bal-  _ 2,000 _ ^ 

The  output  from  the  field  ampli-  ance  is  dependent  on  this,  ratio;  0X200,000-1-2,000 

fier  is  carried  into  the  recording  therefore  fluctuations  in  output  do  Output  of  monitor  attenuator  =  E„d 

room  by  a  500-ohm  line  which  is  not  alter  the  recorded  pattern.  The  circuits  that  follow  compare 

balanced  to  ground.  The  next  stage  Th  ♦  S  ♦  one-tenth  of  the  output  of  the  moni- 

is  a  cathode  follower  which  presents  *  or  y*  «•"  times  the  output  of  the 

the  required  low  impedance  to  the  The  attenuators  consist  of  two  signal  attenuator.  When  these 

attenuator.  linear  potentiometers  with  moving  quantities  are  equal 

A  monitor  device  consisting  of  contacts  ganged  on  the  same  shaft  E„e  2,000£, 

either  a  probe  in  the  feed  line,  or  a  that  drives  the  recording  pen.  The  10  ^  ex  200,000  -f  2,000 

fixed  antenna,  picks  up  a  portion  of  monitor  and  signal  voltages  are  0(0-1-0.01)  =■  E,/E„ 

the  transmitted  signal.  This  frac-  applied  to  these  attenuators  in  the  0;^ 

tion  is  then  detected  by  a  bolometer,  manner  shown  in  Fig.  3.  The  two  When  the  pen  position  is  ad- 
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outputs  from  the  attenuators  are 
then  added  out  of  phase,  and  the 
resultant  difference  voltage  is  am¬ 
plified  and  applied  to  one  field  of 
the  motor,  causing  it  to  rotate.  This 
moves  the  recording  pen,  and  at 
the  same  time,  moves  the  contacts 
in  such  a  direction  that  the  differ¬ 
ence  voltage  is  reduced  to  zero,  at 
which  point  the  motor  ceases  to  ro¬ 
tate.  This  is  the  balance  position. 
The  proper  direction  of  rotation  is 
obtained  by  means  of  the  360  de¬ 
gree  phase  adjuster  in  the  90-cycle 
supply. 

It  can  be  shown  that  the  pen 


▼  Hi 


V  =  E„e-  E,/e 

Taking  the  recording  sensitivity 
S  as  being  equal  to  the  change  in 
voltage  per  unit  change  in  pen  posi¬ 
tion,  it  is  seen  that 


♦  350V 


90  CPS 
SUPPLY 


VR  150/30 


RELAY! 


rotating 

guNTAuTS 


OLDER, 


MOTOR 

PULLEY 


ELECTRONICS  — /August,  1947 


FIG.  4 — The  signal  mixer,  moior  amplifier  and  recording  apparatus  are  shown  schematicolly  and  their  interconnections  to  the  other 

units  are  indicated 


therefore 


E,/ef^  =  E„ 


Thus  the  sensitivity  is  independ¬ 
ent  of  the  pen  position.  It  is  how¬ 
ever,  proportional  to  the  monitor 
voltage,  but  the  fluctuations  in  out¬ 
put  normally  encountered  do  not 
produce  significant  changes  in  sen¬ 
sitivity. 

Recording  Cirenits 

The  circuit  diagram  for  the  mixer 
and  recording  motor  is  shown  in 
Fig.  4.  Where  it  is  necessary  to 
have  a  transformer  before  the  point 


One  of  several  typical  receiving  stations  located  at  a  distance  from  the  transmitting 
antenna.  Gain  oi  the  amplifier  (lower  center)  is  remotely  controlled  from  the  operat¬ 
ing  position 


where  the  two  voltages  are  added, 
great  care  must  be  taken,  as  it  is 
essential  that  there  should  be  no 
change  of  phase  with  amplitude. 
The  first  stage  is  a  signal  amplifier 
with  cathode  feedback.  Following 
this,  the  two  voltages  are  added  in 
a  circuit  containing  only  simple  re¬ 
sistance.  Phase  trimmers  are  pro¬ 
vided  in  both  monitor  and  signal 
lines  to  obtain  the  correct  phase 
relationship.  The  remaining  stages 


amplify  the  difference  voltage  be¬ 
fore  it  is  applied  to  the  motor.  The 
gain  is  adjusted  for  optimum  re¬ 
cording  sensitivity  after  the  moni¬ 
tor  voltage  has  been  set  at  the 
required  value. 

The  recording  motor  is  a  small 
alternating-current  drag  cup  motor 
which  has  two  field  windings  on  the 
stator  surrounding  a  cup-shaped  ro¬ 
tor.^  The  rotating  shaft  drives  the 
ganged  attenuator  contacts  and  also 


justed  to  be  correct  at  full  scale, 
the  error  introduced  by  the  above 
approximation  is  negligible  (within 
0.1  percent  full  scale)  down  to  a 
pen  position  of  1  percent  of  full 
scale.  Further,  since  E,  and  E„  are 
both  proportional  to  the  oscillator 
output  power,  their  ratio,  and  there¬ 
fore  the  pen  position,  is  independent 
of  the  oscillator  power. 

At  a  given  instant,  the  voltage 
applied  to  the  motor  is  proportional 
to 
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-The  SO-cycle  supply  comprises  a  multivibrator  circuit  locked  to  the  powerline  frequency.  Output  from  the  unit  modulates 
the  r-f  oscillator.  A  second  output  reaches  the  motor  by  way  of  a  phase  shifter  and  amplifier. 


frequency  powec  in  the  received 
signal. 

The  associated  amplifier  is  well 
shielded  to  avoid  blocking  by  anv 
heavy  radar  interference  picked  up 
in  the  early  stages.  The  synchron¬ 
ous  detector  circuit  to  be  described 
makes  unnecessary  the  use  of  tuned 
amplifiers.  The  overall  gain  can  be 
varied  from  40  decibels  to  110  deci¬ 
bels  in  order  to  accommodate  vari¬ 
ous  antennas.  Coarse  adjustments 
in  gain,  covering  a  50-decibel  range 
in  nine  steps,  are  made  at  the  re¬ 
ceiving  sites,  while  fine  adjustments 
over  a  20-decibel  range  are  made  re¬ 
motely  at  the  recording  room.  The 
gain  of  the  amplifier  is  made  stable 
by  the  use  of  inverse  feedback, 
which  also  ensures  a  linear  re¬ 
sponse.  By  careful  design  and 
shielding,  a  low  noise  level  in  the 
amplifier  is  achieved,  allowing  a 
high  signal-to-noise  ratio  oven  for 
many  low-gain  antennas.  Ratios  of 
100-to-l  in  field  strength,  therefore, 
can  be  measured  easily,  and  at  maxi¬ 
mum  gain  a  receiver  sensitivity  of 
about  0.003  microvolt  across  500 
ohms  is  realized. 

The  output  from  the  field  ampli¬ 
fier  is  carried  into  the  recording 
room  by  a  500-ohm  line  which  is 
balanced  to  ground.  The  next  stage 
is  a  cathode  follower  which  presents 
the  required  low  impedance  to  the 
attenuator. 

A  monitor  device  consisting  of 
either  a  probe  in  the  feed  line,  or  a 
fixed  antenna,  picks  up  a  portion  of 
the  transmitted  signal.  This  frac¬ 
tion  is  then  detected  by  a  bolometer. 


outputs  from  the  attenuators  are 
then  added  out  of  phase,  and  the 
resultant  difference  voltage  is  am¬ 
plified  and  applied  to  one  field  of 
the  motor,  causing  it  to  rotate.  This 
moves  the  recording  pen,  and  at 
the  same  time,  moves  the  contacts 
in  such  a  direction  that  the  differ¬ 
ence  voltage  is  reduced  to  zero,  at 
which  point  the  motor  ceases  to  ro¬ 
tate.  This  is  the  balance  position. 
The  proper  direction  of  rotation  is 
obtained  by  means  of  the  360  de¬ 
gree  phase  adjuster  in  the  90-cycle 
supply. 

It  can  be  shown  that  the  pen 
traces  out  a  field  strength  pattern 
which  is  not  affected  by  power 
fluctuations  in  the  transmitter.  Let 
9  represent  the  pen  position  ex¬ 
pressed  as  a  fraction  of  the  maxi¬ 
mum  pen  displacement.  It  will  also 
represent  the  position  of  the  two 
potentiometers  expressed  as  a  frac¬ 
tion  of  their  maximum  displace¬ 
ment.  Then  for  a  monitor  voltage 
of  E„  and  a  signal  voltage  E,  at  the 
attenuator  inputs  (Fig.  3) 

Output  of  signal  attenuator  = 

2,000 

0X200,000  +  2,000  * 
Output  of  monitor  attenuator  =  EmO 
The  circuits  that  follow  compare 
one-tenth  of  the  output  of  the  moni¬ 
tor  with  ten  times  the  output  of  the 
The  attenuators  consist  of  two  signal  attenuator.  When  these 
linear  potentiometers  with  moving  quantities  are  equal 
contacts  ganged  on  the  same  shaft 
that  drives  the  recording  pen.  The 
monitor  and  signal  voltages  are 
applied  to  these  attenuators  in  the 
manner  show’n  in  Fig.  3.  The  two 
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FIG.  3 — One-tenth  oi  the  monitor  attenua¬ 
tor  output  is  compared  with  ten  times  the 
signal  attenuator  output  and  the  resultant 
diiference  voltage  drives  the  pen  motor 
until  the  two  quantities  are  equalized 


giving  an  audio-frequency  voltage 
proportional  to  the  transmitted 
power.  Any  fluctuation  in  the 
transmitter  output  will  affect  both 
the  signal  and  monitor  voltages  to 
the  same  extent,  leaving  the  ratio 
of  the  two  unchanged.  As  will  be 
seen  later,  the  pen  position  at  bal¬ 
ance  is  dependent  on  this-  ratio; 
therefore  fluctuations  in  output  do 
not  alter  the  recorded  pattern. 

The  Attenuator  System 


10  0  X  200,000  +  2,000 

0(0  +  0.01)  =  E,/E„ 

When  the  pen  position  is  ad- 
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Low  harmonic  distortion  is  obtained  from  an  output 
tetrode  in  which  the  first  grid  is  made  positive,  acting 
as  a  space-charge  grid,  and  the  second  grid  is  used 
as  the  control  electrode.  Tube  is  little  affected  by 
changes  in  load  impedance,  and  is  comparable  to  a 
pentode  in  power  sensitivity 
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LOW  DISTORTION  Can  be  obtained 
I  from  a  space-charge  grid  power 
tube.  In  such  a  tube  the  first  grid 
is  operated  positively  to  produce 
a  virtual  cathode.  The  second  grid 
is  the  control  grid.  An  experi¬ 
mental  tube  designed  to  operate  in 
this  manner  gave  2.4  watts  of  audio 
output  into  a  7,500-ohm  load  with 
only  1.5  percent  total  distortion. 
This  distortion  is  lower,  but  the 
power  sensitivity  is  less  than  the 
same  quantities  in  a  beam-power 
tube,  as  shown  in  Table  I. 

Some  years  ago  a  space-charge 
grid  power  tube  was  experimentally 
developed  with  the  intention  of  pro¬ 
ducing  a  tube  having  low  distortion 
and  high  power  sensitivity.  Al¬ 
though  the  tube  that  was  developed 
does  not  have  the  high  power  output 
available  from  the  6V6  beam  power 
tube,  no  commercially  available 
tetrode  or  pentode  power  tube  has 
as  low  an  order  of  distortion  as 
does  this  experimental  space-charge 
grid  tube,  therefore  its  character¬ 
istics  will  be  described  so  engineers 
can  judge  whether  such  a  tube  would 
be  desirable  in  current  uses. 


Before  describing  the  experi¬ 
mental  tube,  it  is  desirable  to  pre¬ 
sent  briefly  the  trends  in  audio 
output  tubes  by  way  of  indicating 
the  problems  encountered  with 
them.  In  the  early  days  of  radio 
it  was  unimportant  to  have  a  power 
tube  of  exceptionally  high  fidelity 
because  neither  audio  transformers, 
loudspeakers,  nor  broadcast  trans¬ 
mitters  were  of  high  fidelity.  How¬ 
ever,  high  power  sensitivity  was  de¬ 
sirable  because  of  the  difficulty  of 
building  high-gain  audio  amplifiers 
which  necessarily  followed  the  tri- 
ode  detectors  at  that  time  widely 
used. 

Pentodes  provided  the  required 
high  pov/er  sensitivity.  As  the 
quality  of  other  circuit  components 
improved,  the  high  harmonic  dis¬ 
tortion  of  these  tubes  became  a 
drawback.  Second  harmonics  could 
be  cancelled  by  push-pull  circuits, 
but  third  and  higher  order  odd  har¬ 
monics  remained. 

The  beam-power  tube  represented 
a  good  compromise  between  distor¬ 
tion  and  power  sensitivity.  Most 
of  its  shortcomings  could  be  nulli- 
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Experimental  tube,  cut  ior  examination 


a  pulley  which  moves  the  recording 
pen  in  a  straight  line  parallel  to 
the  axis  of  the  cylindrical  drum. 
Great  care  is  taken  to  avoid  mechan¬ 
ical  backlash  between  the  motor  and 
the  attenuator. ' 

One  field  of  the  recording  motor 
is  fed  by  a  constant  voltage  from 
the  90-cycle  supply;  the  other  by  a 
control  voltage  derived  by  adding 
the  attenuated  monitor  and  signal 
voltages  out  of  phase.  With  this  ar¬ 
rangement,  the  motor  responds  only 
to  frequencies  within  =t  2  cycles 
per  second  of  the  modulation  fre¬ 
quency.  Even  for  interfering  sig¬ 
nals  within  this  bandwidth,  the 
motor  simply  oscillates  about  the 
true  value,  producing  a  slight 
broadening  of  the  pen  trace.  This 
behavior  has  proven  to  be  of  im¬ 
mense  value,  allowing  reliable  oper¬ 
ation  at  times  when  an  oscilloscope 
on  the  signal  lines  showed  a  con¬ 
fused  mass  of  heavy  radar  inter¬ 
ference.  It  is,  of  course,  necessary 
to  be  able  to  obtain  the  correct  phas¬ 
ing  of  the  monitor,  signal,  and  sup¬ 
ply  voltages,  but  once  this  has  been 
accomplished,  readjustments  need 
only  be  made  following  replacement 
or  interchange  of  a  major  system 
component.  Small  phase  errors 
cause  sluggish  movement  of  the 
recording  motor,  which  is  easily 
spotted  and  corrected. 

Plotting  Antenna  Pattern 

In  order  to  take  a  pattern,  a  sheet 
of  graph  paper  with  rectangular  co¬ 
ordinates  (which  is  most  suitable 
for  high-gain  antennas)  is  placed  on 
the  drum  so  that  the  abscissa  is 
along  the  circumference  and  the 
ordinate  is  parallel  to  the  axis  of 
the  cylinder.  The  abscissa  is,  there¬ 
fore,  proportional  to  the  angular  ro¬ 
tation  of  the  antenna.  The  drum 
turns  through  an  arc  length  of  ten 
inches  (to  fit  the  scale  of  the  graph 
paper)  and  by  shifting  gears  on 
the  gear  housing,  it  is  possible  to 
take  patterns  for  20,  40,  200,  or 
400  degrees  on  this  length  of  arc. 
In  this  manner,  the  operator  is  able 
to  select  the  azimuthal  expansion 
most  suitable  to  the  width  of  the 
radiated  beam. 

Before  taking  the  pattern,  the 
antenna  under  test  is  turned  to  the 
position  of  maximum  gain,  which 
is  indicated  by  a  vacuum-tube  volt¬ 
meter  on  the  signal  line  at  the  input 


FIG.  5 — The  voltage  at  the  motor  terminals 
it  shown  as  a  function  of  pen  position  in 
percent  of  full-scale  displacement  from 
balance 


FIG.  6 — The  effect  of  increasing  recording 
speed  is  shown  in  pattern  2.  wherein  a 
5  percent  error  has  been  introduced  by 
changing  the  field  strength  by  60  percent 
of  full  scale  in  one  second 

to  the  attenuators.  The  monitor  and 
signal  voltages  are  adjusted  until 
the  pen  is  on  the  100  percent  or¬ 
dinate  position,  and  the  gain  of  the 
motor  amplifier  is  set  to  give  opti¬ 
mum  recording  sensitivity  (this  set¬ 
ting  is  determined  experimentally 
and  is  rarely  changed).  When  the 
preliminary  adjustments  are  com¬ 
pleted,  the  desired  selection  of 
azimuthal  gearing  is  made,  and  the 
pattern  is  taken  by  rotating  the 
antenna. 

Accuracy  of  the  System 

It  has  been  stated  that  the 
bolometer  and  amplifier  make  a 
negligible  contribution  to  the  error 
in  the  pattern.  Linear  wire-wound 
potentiometers  from  stock  give  an 
attenuator  unit  in  which  the  sys¬ 


tematic  error  never  exceeds  0.5  per¬ 
cent.  The  remaining  factor  in  the 
accuracy  of  the  recorder  is  the  re¬ 
sponse  of  the  recording  motor  to 
changes  in  field  strength.  The  mo¬ 
tor  starts  rotating  at  15  volts,  which 
corresponds  to  approximately  0.3 
percent  pen  displacement,  as  shown 
in  Fig.  5. 

If  a  higher  recording  sensitivity 
is  used  ifi  an  attempt  to  reduce  this 
figure,  the  motor  will  tend  to  hunt 
at  the  recording  speed  most  com¬ 
monly  used.  This  effect  will  neces¬ 
sitate  a  lower  speed  to  avoid  sudden 
changes  in  field  strength.  If  a  lower 
sensitivity  is  used,  the  percent  dis¬ 
placement  ovqy  which  the  recording 
motor  will  not  rqgpond  is  increased, 
thus  giving  less  accuracy  in  the 
pattern.  The  sensitivity  used  is  a 
compromise  between  these  factors, 
and  allows  accuracy  within  1  per¬ 
cent,  along  with  a  high  recording 
speed,  without  hunting. 

It  would  also  be  possible  to  feed 
back  in  phase  opposition  the  voltage 
from  a  second  motor  driven  by  the 
first  and  acting  as  a  generator.  This 
would  have  the  effect  of  reducing 
the  effective  inertia  of  the  mechani¬ 
cal  system,  and  increasing  the  per¬ 
missible  pen  speed.  The  drag- 
cup  motor  has  such  a  good  ratio  of 
torque-to-inertia,  however,  that  the 
feedback  was  considered  unneces¬ 
sary. 

It  has  been  found  that  for  ac¬ 
curate  patterns,  the  rotation  speed 
of  the  antenna  under  test  should 
be  such  that  the  field  strength  does 
not  change  by  more  than  40  percent 
of  full  scale  per  second.  In  general, 
adequate  recording  speed  has  al¬ 
ways  been  found  available.  A  20- 
degree  pattern  with  a  2-degree 
beamwidth  at  6  decibels  down  can 
be  taken  easily  in  about  one  minute, 
and  a  400-degree  pattern  of  the 
same  antenna  in  five  minutes.  Two 
20-degree  patterns  recorded  at  dif¬ 
ferent  speeds  (onj  in  2  minutes,  the 
other  in  20  seconds)  are  shown  in 
Fig.  6.  The  two  patterns  are  prac¬ 
tically  identical,  except  for  a  5  per¬ 
cent  error  where  the  field  strength 
changed  60  percent  of  full  scale  in 
one  second  at  the  faster  recording 
speed. 

In  actual  pattern  taking,  the  ac¬ 
curacy  has  always  been  within  one 
percent  at  all  times  and  under  vary¬ 
ing  conditions. 
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a  pulley  which  moves  the  recording 
pen  in  a  straight  line  parallel  to 
the  axis  of  the  cylindrical  drum. 
Great  care  is  taken  to  avoid  mechan¬ 
ical  backlash  between  the  motor  and 
the  attenuator. ' 

One  field  of  the  recording  motor 
is  fed  by  a  constant  voltage  from 
the  90-cycle  supply;  the  other  by  a 
control  voltage  derived  by  adding 
the  attenuated  monitor  and  signal 
voltages  out  of  phase.  With  this  ar¬ 
rangement,  the  motor  responds  only 
to  frequencies  within  2  cycles 
per  second  of  the  modulation  fre¬ 
quency.  Even  for  interfering  sig¬ 
nals  within  this  bandwidth,  the 
motor  simply  oscillates  about  the 
true  value,  producing  a  slight 
broadening  of  the  pen  trace.  This 
behavior  has  proven  to  be  of  im¬ 
mense  value,  allowing  reliable  oper¬ 
ation  at  times  when  an  oscilloscope 
on  the  signal  lines  showed  a  con¬ 
fused  mass  of  heavy  radar  inter¬ 
ference.  It  is,  of  course,  necessary 
to  be  able  to  obtain  the  correct  phas¬ 
ing  of  the  monitor,  signal,  and  sup¬ 
ply  voltages,  but  once  this  has  been 
accomplished,  readjustments  need 
only  be  made  following  replacement 
or  interchange  of  a  major  system 
component.  Small  phase  errors 
cause  sluggish  movement  of  the 
recording  motor,  which  is  easily 
spotted  and  corrected. 

Plotting  Antenna  Pattern 

In  order  to  take  a  pattern,  a  sheet 
of  graph  paper  with  rectangular  co¬ 
ordinates  (which  is  most  suitable 
for  high-gain  antennas)  is  placed  on 
the  drum  so  that  the  abscissa  is 
along  the  circumference  and  the 
ordinate  is  parallel  to  the  axis  of 
the  cylinder.  The  abscissa  is,  there¬ 
fore,  proportional  to  the  angular  ro¬ 
tation  of  the  antenna.  The  drum 
turns  through  an  arc  length  of  ten 
inches  (to  fit  the  scale  of  the  graph 
paper)  and  by  shifting  gears  on 
the  gear  housing,  it  is  possible  to 
take  patterns  for  20,  40,  200,  or 
400  degrees  on  this  length  of  arc. 
In  this  manner,  the  operator  is  able 
to  select  the  azimuthal  expansion 
most  suitable  to  the  width  of  the 
radiated  beam. 

Before  taking  the  pattern,  the 
antenna  under  test  is  turned  to  the 
position  of  maximum  gain,  which 
is  indicated  by  a  vacuum-tube  volt¬ 
meter  on  the  signal  line  at  the  input 


FIG.  5 — The  Yoltage  at  the  motor  terminals 
is  shown  as  a  function  of  pen  position  in 
percent  of  full-scale  displacement  from 
balance 


FIG.  6 — The  effect  of  increasing  recording 
speed  is  shown  in  pattern  2.  wherein  a 
5  percent  error  has  been  introduced  by 
changing  the  field  strength  by  60  percent 
of  full  scale  in  one  second 

to  the  attenuators.  The  monitor  and 
signal  voltages  are  adjusted  until 
the  pen  is  on  the  100  percent  or¬ 
dinate  position,  and  the  gain  of  the 
motor  amplifier  is  set  to  give  opti¬ 
mum  recording  sensitivity  (this  set¬ 
ting  is  determined  experimentally 
and  is  rarely  changed).  When  the 
preliminary  adjustments  are  com¬ 
pleted,  the  desired  selection  of 
azimuthal  gearing  is  made,  and  the 
pattern  is  taken  by  rotating  the 
antenna. 

Accuracy  of  the  System 

It  has  been  stated  that  the 
bolometer  and  amplifier  make  a 
negligible  contribution  to  the  error 
in  the  pattern.  Linear  wire-wound 
potentiometers  from  stock  give  an 
attenuator  unit  in  which  the  sys¬ 


tematic  error  never  exceeds  0.5  per¬ 
cent.  The  remaining  factor  in  the 
accuracy  of  the  recorder  is  the  re¬ 
sponse  of  the  recording  motor  to 
changes  in  field  strength.  The  mo¬ 
tor  starts  rotating  at  15  volts,  which 
corresponds  to  approximately  0.3 
percent  pen  displacement,  as  shown 
in  Fig.  5. 

If  a  higher  recording  sensitivity 
is  used  ifi  an  attempt  to  reduce  this 
figure,  the  motor  will  tend  to  hunt 
at  the  recording  speed  most  com¬ 
monly  used.  This  effect  will  neces¬ 
sitate  a  lower  speed  to  avoid  sudden 
changes  in  field  strength.  If  a  lower 
sensitivity  is  used,  the  percent  dis¬ 
placement  ovey  which  the  recording 
motor  will  not  rq^pond  is  increased, 
thus  giving  less  accuracy  in  the 
pattern.  The  sensitivity  used  is  a 
compromise  between  these  factors, 
and  allows  accuracy  within  1  per¬ 
cent,  along  with  a  high  recording 
speed,  without  hunting. 

It  would  also  be  possible  to  feed 
back  in  phase  opposition  the  voltage 
from  a  second  motor  driven  by  the 
first  and  acting  as  a  generator.  This 
would  have  the  effect  of  reducing 
the  effective  inertia  of  the  mechani¬ 
cal  system,  and  increasing  the  per¬ 
missible  pen  speed.  The  drag- 
cup  motor  has  such  a  good  ratio  of 
torque-to-inertia,  however,  that  the 
feedback  was  considered  unneces¬ 
sary. 

It  has  been  found  that  for  ac¬ 
curate  patterns,  the  rotation  speed 
of  the  antenna  under  test  should 
be  such  that  the  field  strength  does 
not  change  by  more  than  40  percent 
of  full  scale  per  second.  In  general, 
adequate  recording  speed  has  al¬ 
ways  been  found  available.  A  20- 
degree  pattern  with  a  2-degree 
beamwidth  at  6  decibels  down  can 
be  taken  easily  in  about  one  minute, 
and  a  400-degree  pattern  of  the 
same  antenna  in  five  minutes.  Two 
20-degree  patterns  recorded  at  dif¬ 
ferent  speeds  (onj  in  2  minutes,  the 
other  in  20  seconds)  are  shown  in 
Fig.  6.  The  two  patterns  are  prac¬ 
tically  identical,  except  for  a  5  per¬ 
cent  error  where  the  field  strength 
changed  60  percent  of  full  scale  in 
one  second  at  the  faster  recording 
speed. 

In  actual  pattern  taking,  the  ac¬ 
curacy  has  always  been  within  one 
percent  at  all  times  and  under  vary¬ 
ing  conditions. 
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Expeiimental 
Audio  Output 
TETRODE 


Low  harmonic  distortion  is  obtained  from  an  output 
tetrode  in  which  the  first  grid  is  made  positive,  acting 
as  a  space-charge  grid,  and  the  second  grid  is  used 
as  the  control  electrode.  Tube  is  little  affected  by 
changes  in  load  impedance,  and  is  comparable  to  a 
pentode  in  power  sensitivity 


By  W.  S.  BRIAN 

Hanson-Oorrill-Brian,  Inc. 
Glen  Cove,  N.  Y. 


LOW  DISTORTION  can  be  obtained 
I  from  a  space-charge  grid  power 
tube.  In  such  a  tube  the  first  grid 
is  operated  positively  to  produce 
a  virtual  cathode.  The  second  grid 
is  the  control  grid.  An  experi¬ 
mental  tube  designed  to  operate  in 
this  manner  gave  2.4  watts  of  audio 
output  into  a  7,500-ohm  load  with 
only  1.5  percent  total  distortion. 
This  distortion  is  lower,  but  the 
power  sensitivity  is  less  than  the 
same  quantities  in  a  beam-power 
tube,  as  shown  in  Table  I. 

Some  years  ago  a  space-charge 
grid  power  tube  was  experimentally 
developed  with  the  intention  of  pro¬ 
ducing  a  tube  having  low  distortion 
and  high  power  sensitivity.  Al¬ 
though  the  tube  that  was  developed 
does  not  have  the  high  power  output 
available  from  the  6V6  beam  power 
tube,  no  commercially  available 
tetrode  or  pentode  pow’er  tube  has 
as  low  an  order  of  distortion  as 
does  this  experimental  space-charge 
grid  tube,  therefore  its  character¬ 
istics  will  be  described  so  engineers 
can  judge  whether  such  a  tube  would 
be  desirable  in  current  uses. 


Before  describing  the  experi¬ 
mental  tube,  it  is  desirable  to  pre¬ 
sent  briefly  the  trends  in  audio 
output  tubes  by  way  of  indicating 
the  problems  encountered  with 
them.  In  the  early  days  of  radio 
it  was  unimportant  to  have  a  power 
tube  of  exceptionally  high  fidelity 
because  neither  audio  transformers, 
loudspeakers,  nor  broadcast  trans¬ 
mitters  were  of  high  fidelity.  How¬ 
ever,  high  power  sensitivity  was  de¬ 
sirable  because  of  the  difficulty  of 
building  high-gain  audio  amplifiers 
which  necessarily  followed  the  tri- 
ode  detectors  at  that  time  widely 
used. 

Pentodes  provided  the  required 
high  pov/er  sensitivity.  As  the 
quality  of  other  circuit  components 
improved,  the  high  harmonic  dis¬ 
tortion  of  these  tubes  became  a 
drawback.  Second  harmonics  could 
be  cancelled  by  push-pull  circuits, 
but  third  and  higher  order  odd  har¬ 
monics  remained. 

The  beam-power  tube  represented 
a  good  compromise  between  distor¬ 
tion  and  power  sensitivity.  Most 
of  its  shortcomings  could  be  nulli- 
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Experimental  tube,  cut  for  examination 
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‘amiliar  6L6  is  the  first  beam  power  ation  the  first  grid  is  made  positive 
;ube.  With  250  volts  on  plate  and  with  respect  to  the  cathode;  its 
screen,  a  negative  grid  bias  of  14  effect  is  to  counteract  the  negative 
/olts,  a  peak  signal  input  of  14  space  charge  and  to  produce  a  clouu 
/olts,  and  a  2,500  ohm  load,  the  6L6  of  electrons  at  the  plane  of  the  first 
lelivers  6.5  undistorted  watts.  grid.  This  cloud  acts  as  the  vir- 

In  all  of  these  tubes,  the  power  tual  cathode.  The  operation  of  such 
jutput  and,  more  especially,  the  a  tube  is  similar  to  that  of  a  triode 
tiarmonic  distortion,  are  greatly  af-  with  a  large  effective  cathode  area, 
fected  by  load  impedance.  Inas-  behaving  as  if  it  were  temperature 
much  as  these  tubes  are  used  to  limited.  The  second  grid  is  then  the 
drive  loudspeakers,  whose  imped-  control  electrode.  Screens  and  sup- 
ances  vary  widely  with  frequency,  pressors  can  be  added,  but  as  their 
frequency  distortion  is  also  present,  effect  will  be,  among  others,  to  in- 
In  the  case  of  triodes,  the  second-  crease  the  dynamic  plate  resistance, 
harmonic  distortion  increases  with  which  is  undesirable  in  power  out- 
decreasing  load  impedance.  Pentode  put  tubes  driving  loudspeakers, 
loads  are  chosen  to  give  a  compro-  they  were  not  used  in  the  experi- 
mise  between  high  output  and  low  mental  tubb  under  discussion, 
third  harmonics;  load  variations  af-  To  reduce  the  space-charge  grid 
feet  both  factors.  High  outputs  current,  two  siderods  were  intro- 
could  be  obtained  from  triodes  oper-  duced  between  the  cathode  and  the 
ating  in  push-pull  class-B,  but  only  supports  of  the  space-charged  grid, 
with  low-impedance  high-level  driv-  These  siderods  could  be  electrically 
ers.  Low  distortion  could  be  ob-  connected  to  either  the  cathode  or 
tained  from  pentodes  or  beam-power  the  control  grid.  By  thus  restrict- 
tubes  with  degenerative  feedback  ing  the  path  of  electrons  to  the 
to  reduce  effects  of  changing  load  vicinity  of  the  lateral  wires  of  the 
impedance,  but  only  at  a  sacrifice  space-charge  grid,  its  current  was 
of  power  sensitivity.  In  other  reduced  about  two-thirds.  The 
words,  the  basic  cause  of  distortion  spacing  between  space-charge  grid 
in  these  latter  tubes  is  their  high  and  cathode  was  also  adjusted  to 
internal  plate  resistance.  obtain  an  optimum  between  low 

^  ^  space-charged  grid  current  and  high 

Tube  for  High  Fidelity  T  .  .  . 

plate  transconductance. 

Figure  1  shows  the  construction  Figure  2A  shows  the  character- 
and  typical  dimensions  of  a  tube  istics  of  a  space-charge  grid  tube 
designed  for  space-charge  grid  op-  operating  at  6.3  volts  and  0.7  am- 
eration.  Tubes  not  designed  for  pere  on  the  heater,  the  space-charge 
this  type  of  operation  are  unsuited  grid  supplied  from  the  250-volt  sup- 
to  it  because  the  space-charge  grid  ply  through  a  10,000-ohm  resistor 
draws  excessive  current.  In  oper-  — giving  an  average  space-charge 
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FIG.  1 — Experimental  space-charge  grid 
power  output  tetrode  dimensions 


fied  by  selective  negative  feedback. 
Nevertheless,  the  triode  remains  the 
type  tube  preferred  in  high-fidelity 
audio  systems. 

These  trends  are  well  illustrated 
by  several  familiar  tubes.  The  45 
exemplifies  the  triode  power  output 
tube,  it  being  the  first  triode  to  de¬ 
liver  more  than  one  watt  of  undis¬ 
torted  output  (total  harmonic  con¬ 
tent  not  greater  than  ten  percent 
of  the  fundamental)  with  a  rated 
plate  potential  of  250  volts.  With 
this  plate  voltage,  a  negative  grid 
bias  of  50  volts,  and  a  load  of  3,900 
ohms,  the  45  gives  1.6  watts  of  un¬ 
distorted  output  for  an  input  signal 
of  35  volts  rms.  This  load  resistance 
gives  the  greatest  power  output, 
greater  load  resistance  decreases 
the  available  output  and  decreases 
the  distortion.  The  first  pentode 
power  output  tube  was  the  47,  rated 
at  2.7  watts  output  with  250  volts 
on  plate  and  screen,  a  negative  grid 
bias  of  16.5  volts,  and  only  11.5  volts 
rms  signal  input.  The  output  falls 
sharply,  however,  with  lowered  load 
resistance,  and  the  odd  harmonic 
distortion  is  high  at  any  load.  The 
53  twin  triode  operating  push-pull 
with  300  volts  on  the  plates  gives  10 
watts  output,  but  must  be  driven 
from  a  low-impedance  source  if  the 
distortion  is  to  be  kept  low.  The 


(SRACE-CHARGE  GRID  TUBE.  S-C  GRID 
VOLTAGE  THROUGH  lO.OOO'OHM  RESISTANCE 
FROM  250-VOLT  SUPPLY,S-C  GRID  CURRENT 
18.0  MA, HEATER  VOLTS  6.3) _ 


(SPACE-CHARGE  GRID  TUBE, S-C  GRID 
VOLTAGE  THROUGH  7,500-0HM  RESISTANCE 
FROM  250-VOLT  SUPPLY.  S-C  GRID  CURRENT 
240  MA.HEATER  VOLTS  6  3) _ 
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FIG.  2 — Plate  characteriitics  of  space-charge  grid  tetrodes  are  similar  to  those  ol  a 
triode.  Comparing  (A)  with  (B)  shows  the  effect  of  space-charge  grid  bias  on  the 

plate  characteristics 
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Table  I — Comparison  of  Space-Charge  Grid  Tetrode  with  Beam  Tetrode 


Healer 

volts 

6unps 

watts 

Experimental  Space-Charge 
Grid  Tetrode 

6.3 

0.7 

1.6 

Typical  (6V6)  Beam  Tetrode 

6.3 

0.15 

2.8 

Auxiliary  Grid 
volts 
milliamps 
watts 

(Space-Charge  Grid) 

250 

18 

1.5 

(Suppressor  Gridl 

2.50 

1.  .5 

1.3 

Control  Grid 
bias  volts 
volts  signal  swing 

*  - 15 

10.6* 

-12.5 

12.5 

Plate 

volts 

milliamps 

watts 

percent  total 
distortion 

250 

33 

8.3 

1.5 

250 

15 

11.3 

8 

Power  output  watts 
Overall  %  efficiency 

Note:  Volts  listed  ur 
and  voltage  lost  in  dr 
cuits  in  toto,  not  of  t 
*  Peak  signal  voltage 
grid  circuit  indicates 

2.1 

13.8 

ider  auxiliary  grid  are  supply 
opping  resistor.  The  elficiencj 
le  tubes  alone. 

equals  operating  bias,  being  in 
re\  ersal  of  current. 

1.5 

29.2 

irolts,  which  include  grid  voltage 
is  thus  the  efficiency  of  the  cir- 

creased  until  a  microammeter  in 

grid  potential  of  70  volts,  and  an 
average  current  of  18  ma,  the  plate 
supplied  from  the  250-volt  supply 
through  a  7,500-ohm  load,  and  the 
control-grid  bias  at  —15  volts  — 
giving  a  plate  current  of  33  ma. 
Power  output  under  these  condi¬ 
tions  is  2.4  watts  with  less  than  1.5 
percent  total  distortion.  Varying 
the  load  from  5,000  to  12,000  ohms 
does  not  increase  the  total  distor¬ 
tion  to  over  5  percent. 

Figure  2B  shows  the  tube’s  char¬ 
acteristics  with  a  space-charge  grid 
resistor  of  7,500  ohms.  Plate  cur¬ 
rent  increases  to  41  ma,  space- 
charge  grid  current  to  24  ma,  but 
the  output  power  increases  to  only 
2.6  watts,  giving  a  much  lower 
efficiency. 

Space-Charge  Grid  Effect 

Second-harmonic  distortion  was 
reduced  by  the  same  method  that 
space-charge  grid  current  was  re¬ 
duced.  The  high  impedance  of  the 
space-charge  grid  to  cathode  region 
greatly  reduced  the  effect  of  plate 
voltage  on  primary  cathode  current 
with  the  result  that  plate  current 
at  high  negative  grid  voltage  was 
lower  than  in  a  comparable  triode. 
The  effect  is  a  greatly  reduced  even- 
harmonic  distortion.  Further  har¬ 
monic  reduction  was  obtained  by 
tying  the  siderods  to  the  control 
grid,  thus  increasing  the  plate 
transconductance  at  high  negative 
control-grid  voltages  but  having 
negligible  effect  at  grid  voltages 
near  zero. 

Operating  the  space-charge  grid 


through  a  dropping  resistor  without 
a  bypass  has  three  important  ef¬ 
fects  ;  First,  such  operation  slightly 
increases  the  output  for  a  given 
average  cathode  current.  Second,  it 
stabilizes  the  output  over  a  wide 
range  of  external  load  impedances. 
Third,  it  reduces  odd-harmonic  dis¬ 
tortion. 

Operating  Conditions 

To  visualize  the  foregoing  effects, 
compare  Fig.  3A  with  Fig.  2.  Fig¬ 
ure  3A  shows  the  tube’s  character¬ 
istics  with  a  fixed  potential  of  50 


volts  on  the  space-charge  grid  (cor¬ 
responding  to  well  bypassed  drop¬ 
ping  resistor  operation).  The  vari¬ 
ation  in  the  increment  of  plate  cur¬ 
rent  along  a  load  line  (not  shown) 
with  respect  to  grid  voltage  indi¬ 
cates  odd-harmonic  distortion. 

The  space-charge  grid  can  be 
compared  in  some  respects  to  the 
screen  grid  of  a  beam-pow’er  tube. 
The  space-charge  grid  current  is 
relatively  high,  but  even  so  the 
power  dissipated  in  it  is  only  1.5 
watts  with  a  10,000-ohm  dropping 
resistor.  Although  the  maximum 
output  of  approximately  2.5  w'atts 
is  less  than  that  from  a  6V6  beam 
tetrode,  the  power  sensitivity  of 
the  space-charge  grid  tube  does 
not  vary  with  input  signal  level, 
being  as  high  at  low  signal  levels 
as  at  high.  The  effect  is,  in  a 
phonograph  amplifier  for  example, 
greater  brilliance  with  less  appar¬ 
ent  needle  scratch,  due  to  the  re¬ 
duced  higher  order  harmonics  of 
the  space-charge  grid  tube  over  a 
beam-power  one.  Figure  3B  com¬ 
pares  the  output  power  and  har¬ 
monic  distortion  of  a  typical  beam 
tetrode  with  the  space-charge  grid 
tube.  The  low  distortion  of  the 
latter  recommend  it  for  use  in  high- 
fidelity  audio  output  amplifiers. 


FIG.  3 — (A)  Without  space-charge  grid  degeneration,  characteristics  are  nonlinear. 
(B)  Comparison  of  space-charge  grid  tetrode  with  conventional  beam  tetrode  shows 
lower  distortion  of  the  former 


i 

t 


I 


I 


tLECTRONICS  — Auguif,  1947 


123 


Magnetic  properties,  physical  dimensions  and  velocity  of  a  magnetic  recording  medium 
are  d^gcussed  and  evaluated.  Features  and  performance  of  electroplated  wire  and  powder- 

coated  tape  are  described 


The  most  revealing  informa¬ 
tion  about  the  mechanism  of 
the  phenoniena  which  control  any 
recording  method  may  be  obtained 
from  an  investigation  of  the  repro¬ 
ducing  process.  Previous  investiga¬ 
tors  have  analyzed  the  response  by 
empirical  curve  fitting'  or  theoreti¬ 
cal  considerations.*’* 

Assume  that  a  sinusoidal  sig¬ 
nal  has  been  linearly  recorded 
with  a  ring  head  (Fig.  1)  on  a  uni¬ 
formly  moving  medium  and  that  the 
recording  was  done  with  constant 
current  through  the  recording  head, 
independent  of  frequency;  that  is, 
essentially,  with  constant  peak  in¬ 
duction  in  the  recording  medium. 

The  resulting  record  may  be 
looked  upon  as  a  longitudinal  ar¬ 
rangement  of  bar  magnets  of  an 
individual  length  equal  to  one-half 
of  the  recorded  wave,  sinusoidally 
magnetized  and  with  like  poles  join¬ 
ing.  This  is  schematically  shown 
in  Fig.  2. 

The  flux  lines  representing  the 
internal  magnetization  of  these 
magnets  must  all  close  through  the 
space  surrounding  them,  thereby 
passing  through  their  surface,  cre¬ 
ating  there  a  certain  surface  flux 
density  B,.  The  latter  determines 
the  induction  J?*  in  the  magnetic 
circuit  of  the  ring  head  contacting 
the  recording  medium.  The  repro¬ 
ducing  voltage,  e,  generated  in  the 
head  winding  is  proportional  to  the 
rate  of  change  of  the  flux  passing 
through  the  head. 

The  trend  of  this  voltage,  as  a 
function  of  frequency,  is  derived, 
under  simplifying  assumptions,  in 
Fig.  2  (at  bottom).  The  reproducing 
voltage  for  very  long  wavelengths 
has  theoretically  a  tendency  to  rise 
at  a  slope  of  18  db  per  octave  and 
this  slope,  with  decreasing  wave- 
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length,  gradually  changes  into  6  db 
per  octave.  A  very  long  wave  is 
one  whose  length  is  great  compared 
with  the  longitudinal  extension  of 
the  zone  of  magnetic  interlinkage 
between  recording  medium  and 
heads;  that  is,  roughly,  the  length 
of  the  contact  area  between  the 
two  or  about  the  longitudinal  head 
dimensions  (see  Fig.  2).  This 
wavelength  range  almost  always 
lies  below  the  range  of  practical  in¬ 
terest. 

The  observed  shape  of  the  fre¬ 
quency  response  curve  follows  this 
simplified  prediction  only  to  a  lim¬ 
ited  extent.  There  is  good  agree¬ 
ment  in  the  very  low  and  part  of 
the  medium  frequency  range,  but 
with  increasing  frequency  the  slope 
of  the  observed  curve  falls  more 
and  more  short  of  the  predicted  6 
db-per-octave  line.  The  curve  even 
reverses  its  trend  eventually  and 
starts  to  fall  gradually  as  the  fre¬ 
quency  increases  further.  Conse¬ 
quently,  there  must  be  certain  ef¬ 
fects,  responsible  for  this  deviation. 

Damagaatiiatlea 

The  most  important  of  these  ef¬ 
fects  is  the  self-demagnetization  of 
the  described  elementary  bar  mag¬ 
nets.  It  is  well  known  that  the  mag¬ 
netomotive  force  available  across 
the  ends  of  an  open  bar  magnet,  or 
the  useful  induction  which  it  can 
generate,  decreases  due  to  its  own 
magnetization.  The  figure  which  re¬ 
lates  this  decrease  to  the  magneti¬ 
zation  is  called  the  demagnetizing 
factor;  it  depends  almost  entirely 
on  the  physical  shape  of  the  magnet 
and  becomes  smaller  as  its  ratio  of 
length  to  diameter  increases. 

Figure  3  shows  the  familiar 
graphic  method  of  finding  the  de¬ 
creased  induction  of  a  magnetic 
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structure  when  its  intrinsic  hys¬ 
teresis  loop  and  its  demagnetizing 
factor  N  are  known.  A  straight 
line,  called  the  shearing  line,  is 
drawn  through  the  origin  at  an 
angle  whose  tangent  is  proportional 
to  the  demagnetizing  factor.  The 
intersection  P  of  this  line  with  the 
hysteresis  loop  then  gives  the  in¬ 
duction  B'r  effective  in  the  magnet, 
as  compared  with  the  highest  in¬ 
duction  Br  which  would  exist  if  the 
magnet  were  either  closed  or  in¬ 
finitely  long. 

The  reduced  induction  values  of 
all  other  points  of  the  intrinsic 
hysteresis  loop  may  be  found  in  a 
similar  manner.  The  locus  of  the 
new  points  describes  the  behavior 
of  the  open  magnetic  circuit  and  is 
called  the  sheared  hysteresis  loop. 
It  is  of  importance  in  the  investi¬ 
gation  of  all  magnetic  circuits  con¬ 
taining  portions  of  increased  re¬ 
luctance,  including  powder-coated 
recording  media. 

The  demagnetizing  effect  is  one 
reason  for  the  response  of  a  mag¬ 
netic  frequency  record  to  decrease 
below  the  predicted  6  db-per-octave 
line.  As  the  frequency  increases, 
the  length  of  the  elementary  bar 
magnets  decreases  which,  in  turn, 
causes  an  increase  of  the  demag¬ 


netization.  The  demagnetizing  fac¬ 
tors  in  the  case  of  magnetic  re¬ 
cording  are  not  exactly  predictable 
because  the  adjacent  elementary 
magnets  interact  with  each  other 
and  are  shunted  during  the  play¬ 
back  process  by  the  reproducing 
head.  An  approach  to  the  solution 
of  this  problem  has  been  made  by 
Camras.* 

It  was  pointed  out  that  the  slope 
of  the  shearing  line  depended  only 
upon  the  demagnetizing  factor; 
that  is,  in  this  case,  upon  the  re¬ 
corded  wavelength.  The  ordinate 
B'r  at  the  intersection  of  the  shear¬ 
ing  line  with  the  demagnetization 
curve  is  approximately  proportional 
to  the  reproduced  voltage  and  will 
decrease  more  slowly  with  increas¬ 
ing  demagnetizing  factor,  the  flat¬ 
ter  the  demagnetizing  curve  of  the 
recording  medium.  The  average  flat¬ 
ness  may  be  roughly  defined  by  the 
ratio  of  coercive  force  to  rema- 
nence.  Accordingly,  an  improve¬ 
ment  in  the  high-frequency  re¬ 
sponse  can  be  observed,  with  an 
increasing  ratio  of  coercive  force 
to  remanence,  irrespective  of  their 
absolute  magnitudes. 

From  several  materials  with  the 
same  ratio  of  coercive  force  to 
remanence,  the  one  with  the  highest 
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absolute  values  (within  practical  relatively  thicker  ones,  tending  to-  drop  by  the  same  ratio  because  of 
limits)  of  the  two  quantities  will  ward  no  change  at  all  for  still  the  decreas’ed  cross  section.  This 
still  be  the  more  desirable.  The  thicker  media.  statement  seems  to  be  verified  by 

reason  is  that  this  material  will  This  peculiar  behavior  can  be  ex-  the  trend  of  the  dashed  line  in  Fig. 
yield  the  highest  absolute  reproduc-  plained  by  the  assumption  that  the  4,  which  approaches  a  slope  of 
ing  level,  because  of  its  high  rema-  physical  depth  of  magnetization  of  minus  6  db  per  octave  for  progres- 
nence,  and  that  it  will  offer  the  the  recording  media  is  dependent  sively  decreasing  thicknesses, 
greatest  resistance  to  accidental  upon  the  recorded  wavelength.  The  The  penetration  effect  is  another 
demagnetization  by  external  fields  phenomenon  may  be  termed  pene-  important  factor  which  causes  de- 
because  of  its  high  coercive  force,  tration  effect.  terioration  of  the  high-frequency 

AIL  wavelengths  penetrate  mag-  response  of  commercial  recording 
Penetration  netically  into  the  recording  medium  media  since  it  results,  with  decreas- 

Based  on  the  concept  of  the  de-  only  to  a  limited  depth ;  the  longer  ing  wavelength,  in  a  gradual  de¬ 
magnetizing  effect,  the  response  of  ones  penetrate  more  than  the  crease  of  the  effective  cross  section 
a  thin  recording  medium  might  be  shorter  ones  and  the  absolute  mag-  of  the  recording  medium.  (Shunt- 
expected  to  be  superior  to  the  re-  nitude  of  this  penetration  is  nor-  ing  of  the  magnetized  layer  due  to 
sponse  of  a  thicker  one.  However,  mally  in  the  order  of  under  one  the  presence  of  the  inactive  mate- 
experiment  does  not  always  verify  thousandth  of  an  inch.  Accordingly,  ^"inl  does  not  seem  to  be  serious.) 
this  expectation  since  the  response  the  frequency  response  of  the  rela-  The  penetration  effect  must  not 
curves  of  all  media  within  usual  tively  thick  commercial  recording  be  confused  with  the  magnetic  skin 
dimensions  (thicknesses  of  a  few  media  is  hardly  affected  by  limited  effect  since  it  has  been  found  that 
thousandths  of  an  inch)  are  found  thickness  variations  since  most  of  the  penetration  is  a  function  of  the 

to  be  substantially  alike,  other  con-  their  cross  section  is  inactive,  that  wavelength  only,  and  not  of  the 

ditions  being  equal.  In  an  attempt  is,  not  penetrated  by  useful  mag-  frequency.  Its  mechanism  may  be 
to  clarify  this  apparent  contradic-  netic  flux.  When  the  thickness  of  the  explained  by  the  geometry  of  the 
tion,  certain  measurements  were  medium  is  substantially  reduced  flux  lines  entering  the  medium  in 

made  whose  results  are  represented  to  the  order  of  the  depth  of  pene-  the  recording  process.  The  course 

in  Fig.  4.  Here  are  shown  the  re-  tration,  the  low  frequency  range  of  these  flux  lines,  which  determines 
sponse  curves  of  several  recording  will  be  impaired  first,  which  means  the  depth  of  penetration,  appears  to 
media,  which  differ  only  in  their  that  the  upper  frequency  range  will  depend  primarily,  for  a  given  wave¬ 
thickness.  The  absolute  values  of  be  relatively  favored.  length,  upon  the  gap  width  and  the 

the  thicknesses  are  very  small.  In  extremely  thin  carriers  where  permeability  of  the  recording  me- 

Disregardin’g  the  absolute  repro-  complete  penetration  can  be  as-  dium — greater  gap  width  and  lower 
ducing  level,  the  frequency  response  sumed  over  a  wide  frequency  range,  permeability  favoring  deeper  pene- 
of  these  very  thin  media  actually  there  is  no  selective  influence  of  the  tration. 

does  improve  with  decreasing  thick-  penetration  effect  any  longer.  The  One  particular  question  that 
ness.  Since  all  the  curves  have  sub-  frequency  response  is  then  con-  arises  is  that  if  the  penetration  de- 
stantially  the  same  shape,  the  posi-  trolled  by  the  demagnetizing  effect  creases  with  rising  frequency  how 
tion  of  the  maxima  of  these  curves  alone.  Because  of  the  increasing  di-  is  it  possible  to  erase  and  to  bias'  " 
forms  a  simple  criterion  for  their  mensional  ratio  of  the  elementary  with  very  high  frequencies?  The 
frequency  characteristic.  The  dot-  magnets,  a  thickness  reduction  by  a  answer  is  probably  that  in  the 
ted  line  connecting  these  maxima  certain  ratio  should  have  the  same  erasing  process  the  recording 
shows  that  the  improvement  of  effect  upon  the  response  as  an  in-  medium  has  to  be  carried  into 
high-frequency  response  is  more  crease  of  the  medium  velocity  by  saturation;  in  this  range,  however, 
rapid  in  the  range  of  the  thinnest  the  reciprocal  ratio.  The  absolute  its  permeability  approaches  unity 
media  than  in  the  range  of  the  reproducing  level,  however,  will  so  that  sufficiently  deep  penetration 
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FIG.  4 — Frequency  response  of  electroplated  brass  tape  operot- 
ing  at  a  velocity  of  two  feet  per  second.  Thickness  is  repre¬ 
sented  by  t 
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FIG.  3 — Magnetization  of  a  ferromagnetic  material.  The  solid 
curves  apply  to  a  closed  magnetic  circuit  and  the  dashed 
curves  to  an  open  magnetic  circuit 
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becomes  possible  for  evident  rea¬ 
sons  of  flux  distribution.  A  some¬ 
what  similar  condition  prevails  in 
the  case  of  high-frequency  bias. 
In  this  situation  the  recording  me¬ 
dium  works  essentially  within  the 
toe  of  its  normal  magnetization 
curve  where  the  permeability  is 
also  very  low. 

Gap  Effect 

Another  effect  which  contributes 
to  the  loss  of  the  reproduced  level 
as  the  frequency  increases  is  the  al¬ 
most  purely  geometric  influence  of 
the  finite  gap  width  of  the  repro¬ 
ducing  head.  The  effect  exists  basi¬ 
cally  in  any  method  of  scanning  a 
recorded  signal.  Figure  5  shows  a 
representation  of  the  function  re¬ 
lating  this  loss  to  the  ratio  of  gap 
width  to  recorded  wavelength.  It 
can  be  seen  that  no  reproduction 
takes  place  when  this  ratio  equals 
unity  (or  any  integer). 

The  loss  as  shown  describes  the 
conditions  for  the  reproducing 
process  only. 

It  should  be  emphasized  that  the 
effective  gap  width  of  the  repro¬ 
ducing  head  is  not  identical  with 
the  physical  dimension  of  the  gap. 
Magnetic  leakage  causes  a  certain 
spread  of  the  zone  of  mutual  in¬ 
fluence  between  recording  medium 
and  gap,  resulting  in  an  effective 
gap  width  which  may  be  determined 
to  be  up  to  about  40  percent  larger 
than  the  physical  gap  width. 


Figure  6  shows,  in  a  qualitative 
manner,  the  three  discussed  effects 
which  control  the  shape  of  the  fre¬ 
quency-response  curve  of  magnetic 
recording  as  obtained  with  ring 
heads.  The  solid  curve  gives  the 
general  appearance  of  an  observed 
response.  The  vertical  distances  be¬ 
tween  this  curve,  the  two  dotted 
curves,  and  the  theoretical  6  db-per- 
octave  line  indicate  the  respective 
loss  contributions  of  demagnetiza¬ 
tion,  penetration,  and  gap  effect. 

Velocity 

Figure  6  also  indicates  a  conven¬ 
ient  graphic  method  of  converting 
a  response  curve  established  at  a 
velocity  v  of  the  recording  medium 
into  the  curve  at  some  other  veloc¬ 
ity  v':  A  6  db-per-octave  line  is 
drawn  through  any  point  P  of  the 
given  curve,  plotted  in  the  conven¬ 
tional  double  logarithmic  system. 
On  this  line,  point  P'  is  found  by 
spacing  it  from  P  at  a  horizontal 
distance  which  equals,  as  a  fre¬ 
quency  ratio,  the  ratio  of  the  two 
velocities.  The  new  curve  (dash- 
dotted)  is  then  found  by  shifting 
the  original  curve  bodily  along  the 
6  db-per-octave  line  to  its  intersec¬ 
tion  at  P'.  (The  points  P  and  P'  on 
the  two  curves  correspond  to  fre¬ 
quencies  with  equal  wavelengths.) 

The  noise  originating  from  a 
magnetic  recording  medium  is  evi¬ 
dently  generated  by  random  flux 
variations  picked  up  by  the  repro¬ 


ducing  head.  These  variations  may 
have  two  different  causes.  The 
first  one  is  the  random  fluctuation 
of  the  reluctance  across  the  gap  of 
any  or  all  of  the  heads,  brought 
about  by  either  mechanical  vibra¬ 
tion  or  surface  roughness  of  the  re¬ 
cording  medium.  The  second  cause 
is  the  inherent  grain  structure  of 
the  recording  material.  Here,  the 
magnetic  discontinuities  at  the 
boundaries  of  the  individual  grains 
or  domains  will  also  cause  minute 
flux  variations. 

Vibration  and  surface  roughness 
of  the  medium  can  be  minimized 
by  appropriate  design  of  the  drive 
mechanism  and  by  careful  prepara¬ 
tion  of  the  medium. 

The  noise  reproduced  from  a 
given  recording  medium  will  de¬ 
pend  upon  the  magnetic  state  of  the 
medium.  A  completely  demagnet¬ 
ized  medium  will  result  in  the  least 
noise  jas  evidenced  by  the  low  noise 
level  obtained  from  an  a-c  erased  in 
contrast  to  a  d-c  erased  recording 
medium. 

An  important  consequence  arises 
from  this  recognition.  A  recording 
medium — after  a-c  erasing  and  sub¬ 
sequent  recording — is  demagnetized 
only  in  the  portions  where  no  signal 
is  recorded.  Wherever  there  is  a 
signal,  there  will  be  magnetization 
corresponding  to  the  instantaneous 
valfle  of  this  signal.  The  signal  it¬ 
self,  consequently,  causes  noise 
which  follows  the  instantaneous  sig- 


FIG.  5 — Playback  lost  due  to  gap  effect 


FIG.  6 — Synthesis  of  the  response  curre  of  a  magnetic  recording  medium 
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nal  level  in  its  magnitude.  This 
t)T)e  of  noise,  closely  related  to  but 
less  objectionable  than  the  continu¬ 
ous  noise  after  d-c  erasing,  has 
been  termed  modulation  noise  or 
noise  behind  the  signal.  Its  magni¬ 
tude  depends  on  the  factors  dis¬ 
cussed  before  and  noise  values  up 
to  about.  15  db  above  the  no-Signal- 
noise  have  been  measured  at  the 
crest  of  a  maximum  signal. 

For  the  generation  of  noise  it  is 
immaterial  whether  the  recording 
medium  or  the  associated  reproduc¬ 
ing  head  is  magnetized  since  the 
two  form  one  magnetic  circuit  dur¬ 
ing  the  reproducing  process.  An 
accidentally  magnetized  reproduc¬ 
ing  head  will  therefore  also  cause 
noise  and  great  care  has  to  be 
taken  to  reduce  or  eliminate  the 
remanent  magnetization  of  the  re¬ 
producing  head.  This  can  be  done 
by  proper  selection  of  the  core  mate¬ 
rial,  by  the  introduction  of  an  addi¬ 
tional  air  gap  into  the  magnetic 
circuit  or  by  purposely  demagnetiz¬ 
ing  the  head  whenever  required. 

Most  magnetic  recording  media 
until  now  have  had  the  form  of  fine 
wires  or  of  thin  tapes.  Originally, 
plain  carbon  steel  was  used  but  has 
been  replaced  by  various  alloy 
steels,  particularly  the  ternary  al¬ 
loys  of  iron  and  nickel-chromium, 
nickel-copper  or  cobalt-copper.  The 
coercivity  of  these  materials  has 
thus  been  increased  from  about  25 
oersteds  for  carbon  steel  to  about 
150  to  250  for  various  commercial 
recording  media  and  up  to  over  400 
for  some  experimental  media. 

All  these  recording  media  are 
produced  by  rather  closely  con¬ 
trolled  drawing  or  rolling  opera¬ 
tions  combined  with  a  suitable  heat 
treatment  to  effect  and  maintain 
the  desired  physical  and  magnetic 
properties.  These  procedures  are 
difficult  and  expensive,  particularly 
since  the  required  magnetic  hard¬ 
ness  of  the  materials  is  usually  ac¬ 
companied  by  physical  hardness. 

One  quite  successful  solution  to 
this  problem  has  been  found  to  be 
the  electroplating  of  a  ductile,  non¬ 
magnetic  base  material  with  a  fer¬ 
romagnetic  layer.®  The  base  mate¬ 
rial  for  plated  recording  media  is, 
ordinarily,  brass  in  the  form  of  fine 
wires  or  tapes.  However,  other 
shapes,  for  instance,  disks  or  cyl¬ 
inders,  may  be  processed  just  as 


readily  which  is  of  importance  for 
special  applications. 

The  plated  layer  usually  consists 
of  a  cobalt-nickel  alloy,  applied  to  a 
thickness  of  about  0.0003  inch.  This 
dimension  provides  a  practical  com¬ 
promise  between  frequency  re¬ 
sponse,  reproducing  level  and  pro¬ 
duction  cost.  The  material  has  a 
coercivity  of  over  200  oersteds  and 
a  retentivity,  of  about  10,000 
gausses.  The  plating  is  very  uni¬ 
form  and  ductile,  has  a  mirrorlike 
surface  and  fine  grain  structure,  as 
evidenced  by  a  low  noise  level.  No 
heat  treatment  is  required  since 
the  internal  stresses,  necessary  in 
any  permanent  magnet  material, 
are  automatically  created  in  the 
plating  process. 

The  frequency  response  curves 
shown  in  Fig.  4  may  be  considered 
representative  of  the  performance 
of  the  present  plated  media.  Plated 
recording  wires  can  now  be  pro¬ 
duced  at  a  rate  of  about  150  feet 
per  minute,  and  up  to  500  feet  per 
minute  have  been  experimentally 
obtained. 

Magnetic  Tape 

The  ability  of  a  recording  me¬ 
dium  to  exhibit  a  good  high-fre¬ 
quency  response  depended  primarily 
on  its  ratio  of  coercive  force  to 
remanence.  This  ratio  determines 
the  specific  magnetic  reluctance  of 
the  recording  material  and  has  defi¬ 
nite  limitations  in  most  homoge¬ 
neous  materials.  However,  it  can  be 
artificially  increased  by  using  the 
ferromagnetic  material  as  a  fine 
powder,  uniformly  dispersing  this 
powder  in  a  suitable  binder,  and 
coating  the  resulting  mixture  on 
an  inert  base  material  to  form  the 
recording  medium.^  The  magnetic 
reluctance  of  such  material,  when 
measured  in  bulk,  will  be  very 
greatly  increased  by  the  presence  of 
the  minute  interstices  separating 
the  individual  particles.  The  effec¬ 
tive  induction  will,  consequently, 
be  reduced  from  the  intrinsic  value 
of  the  powder  while  the  coercive 
force  remains  unchanged  (sheared 
hysteresis  loop),  thus  giving  the 
desired  result  of  a  greatly  decreased 
slope  of  the  demagnetization  curve. 
If  both  particle  size  and  their  sepa¬ 
rating  distances  are  made  small  in 
comparison  with  the  shortest  wave¬ 
length  to  be  recorded,  such  a  dis¬ 


perse  material  will  behave  like  a 
homogeneous  material. 

The  ferromagnetic  powders  for 
recording  media  may  be  produced 
from  any  suitable  permanent-mag¬ 
net  material  but  experience  has 
shown  that  various  magnetic  iron 
oxides  are  most  readily  and  eco¬ 
nomically  applicable.  These  pow¬ 
ders,  with  a  particle  size  of  about 
1  micron  and  an  intrinsic  coercive 
force*  between  100  and  250 
oersteds,  are  now  predominantly 
used  for  the  commercial  production 
of  powder-coated  recording  media 
in  the  form  of  tapes  or  sheets.  The 
remanence  of  the  iron  oxide  coat¬ 
ing  is  usually  between  400  and  800 
gausses,  about  one  order  of  mag¬ 
nitude  below  that  of  the  more  com¬ 
mon  homogeneous  recording  media. 

The  coating,  containing  between 
25  and  40  volume  percent  of  mag¬ 
netic  powder,  is  applied  with  a 
thickness  of  about  one-half  thou¬ 
sandth  of  an  inch  to  a  base  of  paper 
or  thin  plastic.  The  resulting  re¬ 
cording  medium  exhibits  extremely 
low  background  noise  and  a  fre¬ 
quency  response  far  superior  to 
any  homogeneous  medium  now  in 
use.  For  a  given  frequency  response 
powder-coated  media  can  be  run 
with  roughly  about  one-half  of  the 
speed  required  for  homogeneous 
media. 

The  reproducing  level  from  pow¬ 
der-coated  media  is  inherently  low 
because  of  their  low  effective  induc¬ 
tion;  but  this  deficiency  can  be 
compensated  for  by  using  a  cor¬ 
respondingly  wider  recording  track. 

This  paper  is  based,  in  part,  on 
work  done  for  the  Office  of  Scien¬ 
tific  Research  and  Development  un¬ 
der  Contract  OEMsr-254  with  The 
Brush  Development  Company.  A 
number  of  facts  presented  in  this 
paper  were  first  published,  in  es¬ 
sence,  in  OSRD  Report  No.  5325, 
of  June  30, 1945. 
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rials  available;  sturdy  steel  mounting  saddle 
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molded  sockets  are  dependable  and  durable 
under  the  most  exacting  requirements  of  the 
automotive  radio  set.  These  same  types  of 
sockets  are  made  in  laminated  form.  Users  have 
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Another  History -Making  Mallory  Publication... 


AND  VIBRATOR  POWER  SUPPLIES 
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Power  Transformer  Design 
General  Procedure  in  Designing 
Transformers 

Examples  of  Transformer  Design 
Design  Considerations  for  Other 
Applications 

Hi^h  Frequency  Vibrator  Power 
Supply 

Timing  Capacitor  Considerations 
Design  Practices  and  Methods  of 
Interference  Elimination 
Vibrator  Power  Supply 

Circuits  — 

Vibrator  Inspection 

Procedures  ^ 


Here’s  a  volume  that  engineers  have  long  awaited  ...  a  worthy  companion 
to  the  famous  Mallory  Electrical  Contact  Data  Book  and  Mallory  Resistance 
Welding  Data  Book  ...  a  comprehensive  manual  that  tells  you  everything 
about  vibrator  power  supply  systems  that  Mallory  has  learned  in  sixteen 
years  of  building  better  vibrators  and  vibrator  power  supplies. 

What  are  the  fundamentals  of  good  vibrator  power  supply  design?  What 
are  the  pitfalls  to  avoid  when  you  design  new  equipment?  How  can  you 
get  maximum  service  and  dependability  from  the  vibrators  you  use? 
These  and  hundreds  of  other  important  questions  are  answered  fully  in 
the  Mallory  Vibrator  Data  Book — the  only  work  of  its  kind  in  the  world. 

The  first  edition  of  this  volume  is  limited.  But  you  can  easily  reserve 
your  copy  by  writing  now — to  Mallory  direct  or  to  your  Mallory  distributor. 
Price  per  copy  is  $1.00.  Free  to  recognized  engineers  and  teachers  when 
requested  on  your  letterhead. 

MORE  MALLORY  VIBRATORS  ARE  IN  USE  TODAY  THAN 
ALL  OTHER  MAKES  COMBINED 
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Square-Wave  Response 

\ 

Nomograph  correlates  tilt  of  scpiare  wave  after  passage  through  uncompensated  RC- 
coupled  video  or  audio  amplifier  with  low-frequency  response  of  amplifier  and  time 

constant  of  coupling  circuit 

- - ^ — By  A.  J.  BARACKET - 


Head.  Televition  Studio  Faailitiee  Section 
Reaearch  and  Development  Diviaion 
Allen  B.  DuMont  Lawratoriea,  Inc. 
Paaaaic,  Keva  Jeraey 


WHEN  USING  rectangular  or 
square  waves  for  testing 
audio  and  video  amplifiers,  the  out¬ 
put  of  the  amplifier  is  compared 
with  the  input  on-  an  oscilloscope. 
The  degree  or  percent  of  tilt  of  the 
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top  of  the  square  wave  represents 
the  amplifier’s  deterioration  of  the 
lower  frequencies. 

In  the  uncompensated  RC-coupled 
amplifier  stage  shown,  the  effect  of 
the  amplifier  on  low  frequencies  is 
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almost  completely  a  function  of  the 
value  of  the  RC  time  constant  in 
the  grid  coupling  circuit.  The 
smaller  the  time  constant,  the 
poorer  the  low-frequency  response 
and  consequently  the  greater  the' 
percent  tilt  5  of  a  rectangular  wave 
(referred  to  the  peak  plate  voltage 
value  E,  as  indicated  on  the  wave¬ 
form  diagram) . 

The  accompanying  nomograph  is 
useful  in  computing  the  RC  value 
required  to  give  a  maximum  speci¬ 
fied  tilt  S  (expressed  as  a  decimal 
part  of  E)  for  a  rectangular  wave 
having  a  duration  t,  or  conversely 
it  may  be  used  to  determine  the  tilt 
that  will  be  obtained  from  a  given 
time  constant.  The  chart  also  gives 
the  relationship  between  tilt  and 
low-frequency  cutoff  of  an  amplifier 
coupling  circuit  (the  frequency  fi 
at  which  the  amplitude — frequency 
response  characteristic  is  down 
3  db). 

Example  of  Us* 

The  percent  tilt  of  an  uncompen¬ 
sated  video  amplifier  stage  is  speci¬ 
fied  as  2  percent  maximum  on  a 
60-cycle  square  wave.  What  will  be 
the  required  time  constant  of  the 
coupling  circuit  and  the  correspond¬ 
ing  low  cutoff  frequency  ? 

By  means  of  a  straightedge,  con¬ 
nect  the  2-percent  point  on  the  tilt 
scale  with  the  8,300-fisec  point  (cor¬ 
responding  to  the  half-cycle  dura¬ 
tion  of  a  60-cycle  square  wave)  on 
the  t  scale.  The  straightedge  will 
cross  the  RC  scale  at  approximately 
410,000  ohm-juf.  The  corresponding 
low  cutoff  frequency  fi  is  found  to 
be  0.4  cycle. 
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fhe  IMC  Engineer 


TO  SOLVE  YOUR  PROBLEMS 

Whatever  your  problem  on  applicatirm  of  electrical  insulation, 
it  is  likely  that  the  IMC  En^eer  carries  the  answer  with  him. 
He  represents  most  of  the  recognized  leading  manufacturers  of 
electrical  insulation — each  specializing  in  his  own  particular 
product.  With  this  background  of  information  behind  him,  your 
IMC  Engineer  is  a  spea^di8t  in  tha  business  of  helping  you. 

The  practical  experience  of  the  IMC  Engineer  in  the  applica¬ 
tion  ot  these  materials  provides  him  with  a  valuable  fund  of 
information  for  you.  He  and  the  IMC  organization  behind  him 
are  qualified  to  .  .  . 

1.  Assist  you  in  the  selection  of  the  best  insulating  materials 
for  the  job. 

2.  Familiarize  you  with  their  proper  sf^Ucation. 

3.  Suggest  ways  to  eliminate  araste. 

.4.  Help  you  increase  your  productioa. 
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Four-Tetrode  F-M  Power  Amplifier 


One  apparently  satisfactory  solu¬ 
tion  to  the  problem  of  obtaining 
appreciable  power  output  on  the 
new  88-  to  108-mc  f-m  broadcast 
band  has  been  made  by  James  A. 
Day  of  Radio  Engineering  Labora¬ 


tories  who  employs  four  Eimac 
4-lOOOA  tetrodes  in  a  unique  tuned- 
line  amplifier. 

Although  available  for  some  time 
in  limited  numbers  for  experimen¬ 
tal  work,  the  type  4-lOOOA,  an  in¬ 


ternal  anode,  glass-envelope  tube  of 
conventional  appearance,  is  now 
going  into  production  so  that  de¬ 
sign  of  a  commercial  circuit  about 
it  is  practicable. 

The  use  of  tuned  quarter-wave 
lines  has  been  common  practice  in 
vhf  oscillator  and  amplifier  circuits 
for  some  time.  Since  a  quarter 
wavelength  at  100  me  for  parallel 
lines  is  in  the  order  of  29  inches, 
the  physical  dimensions  required 
are  entirely  within  reason  for  com¬ 
mercial  f-m  broadcast  amplifiers. 
Designs  now  in  use  employ  many 
of  the  possible  variations,  includ¬ 
ing  concentric  lines.  The  four-wire 
system  described  here  provides  both 
a  simple  mecHanical  assembly  and 
excellent  self-shielding.  A  fluores¬ 
cent  desk-lamp  tube  held  within  an 
inch  of  the  tank  fails  to  light  when 
the  transmitter  is  operating  at  full 
power. 

Figure  1  illustrates  the  me¬ 
chanical  simplicity,  particularly  in 
the  plate-tank  tuning.  The  four 
lines  are  attached  to  a  square  metal 
plate  that  hangs  from  insulators 
and  the  plate  voltage  is  fed  through 
the  lines  to  the  tubes.  Another 
metal  plate  with  the  center  cut  out 
can  be  moved  up  or  down  and  con¬ 
tact  fingers  short  out  the  upper 
parts  of  the  lines  for  tuning.  The 
coupling  coils  for  taking  off  power 
are  mounted  on  a  plate  of  insulat¬ 
ing  material  and  are  let  down 
through  the  aperture  in  the  tuning 
device.  The  grid  tank  tuning  and 
input  coupling  devices  are  sub¬ 
stantially  the  same. 


FI  3.  2 — Simplified  sketch  showing  ar¬ 
rangement  of  the  plate  tank  circuit  and 
relative  phases  of  the  four  tuning  lines; 
coupling  pickup  loops  and  method  of  top¬ 
ping  on  load  ore  indicated 

The  electrical  aspect  of  the  plate 
tank  circuit  is  shown  in  the  simpli¬ 
fied  sketch  in  Fig.  2.  As  indicated, 
each  line  is  relatively  phased  180 
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Laundering  Ultrasonically 

Fabrics  have  been  successfully 
laundered  by  scientists  of  the  Brit¬ 
ish  Launderers  Research  Associa¬ 
tion  using  ultrasonic  vibrations. 

Whereas  particles  loosened  by  soap 
may  not  be  rinsed  from  the  fabric, 
ultrasonic  vibrations  not  only  over¬ 
come  the  electrical  charges  holding 
dirt  particles  to  fabric,  but  also 
force  the  particles  from  the  fabric. 

The  ultrasonic  technique  is  both 
more  effective  and  quicker  than  con¬ 
ventional  methods  of  washing  fab¬ 
rics. 

Test  fabrics  that  have  been  ex¬ 


perimentally  soiled  are  inserted  in 
the  laboratory  tank,  as  shown  in  the 
top  frame  of  the  picture.  The  driv¬ 
ing  transducer  can  be  seen  at  the 
left  on  the  tank.  John  Bold,  senior 
electrical  technician  shown  in  the 
pictures,  adjusts  the  frequency  of 
the  oscillator;  tests  have  been  car¬ 
ried  out  up  to  300  kilocycles  and  will 
be  continued  up  to  one  megacycle  to 
determine  the  effect  of  frequency  on 
cleansing.  At  t^e  bottom,  the  test 
fabric  is  removed  10  minutes  later ; 
note  the  difference  in  color  of  the 
test  cloth  between  the  top  and  bot¬ 
tom  pictures  showing  the  cleaning 
action. 


FIG.  1 — Inaiantaneoui  amplitude  oi  aignal 
ie  represented  by  a  finite  number  of  dis¬ 
crete  steps  (A).  Using  32  such  steps  to 
represent  the  full  range  from  positive  to 
negative  requires  a  five-pulse  code  group 


relay  stations  the  code  groups  can 
be  regenerated  despite  considerable 
interference.  At  the  receiver  they 
are  reconverted  into  the  voice  sig¬ 
nal.  Tests  using  an  eight-channel 
system  showed  that  the  recon¬ 
structed  voice  signal  loses  negligible 
fidelity  through  this  method  of  pulse 
modulation.  Code  groups  with  more 
pulses  can  be  used  if  greater  fidelity 

Pulse  Code  Modulation  higher  sampling  rates 

can  be  used  if  higher  frequencies 
Freedom  from  noise  and  interfer-  are  to  be  transmitted, 
ence  in  long-distance  telephone  com¬ 
munication  is  obtained  by  a  novel 
form  of  pulse  modulation  developed 
at  the  Bell  Telephone  Laboratories. 

The  technique,  pulse  code  modula¬ 
tion  (pcm),  is  expected  to  find  its 
greatest  application  with  sampling 
types  of  transmission  over  micro- 
wave  radio  relay  communications 
systems.  In  pulse  code  modulation, 
the  continuous  voice  signal  is  sam¬ 
pled  for  roughly  a  millionth  of  a 
second  8,000  times  a  second,  giving 
an  upper  frequency  limit  of  be¬ 
tween  3,000  and  4,000  cps.  The  in¬ 
stantaneous  amplitude  of  the  signal, 
as  determined  by  the  momentary 
sampling,  is  converted  into  one  of 
32  five-pulse  code  groups.  The  code 
groups  constitute  the  pulse  subcar¬ 
rier  with  which  the  microwave 
radio  carrier  is  modulated.  At  the 


Amplitude  Quantization 

Pulse  code  modulatioif  samples 
the  signal  into  discrete  amplitude 
levels  as  illustrated  in  Fig.  lA.  To 
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FIG  2 — Block  diagram  of  transmittor  pulse 
code  converter 


Laboratory  tests  Indicate  that  ultrasonic 
laundering  is  feasible 
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NEW  INDUCTANCE  SCALE  ON  Q-METER  CAPACITOR  DIAL  NOW 
PERMITS  DIRECT  DETERMINATION  OF  EFFECTIVE  INDUCTANCE 
VALUES  BETWEEN  0.1  MICROHENRY  AND  100  MILLIHENRIES. 


ENLARGED  VIEW  OF  NEW  L-C  DIAL  SHOWING  EFFECTIVE 
INDUCTANCE  SCALE.  REFERENCE  PLATE  MOUNTED 
DIRECTLY  BENEATH  VERNIER  CAPAOTOR  DIAL  SHOWS 
INDUCTANCE  TUNINQ  RANGE  OBTAINABLE  AT  INDI¬ 
CATED  SPOT  FREQUENCIES. 


The  160-A  Q-Meter  is  universally  recognized  as  a 
rapid  and  simple  means  for  measuring  effective 
inductance.  The  customary  method  of  measurement 
employed  by  engineers  is  to  resonate  the  coil  under 
test  at  a  known  frequency  using  a  known  capacitance, 
and  thus  obtain  the  effective  inductance  value  of  the 
coil  by  calculation.  The  use  of  the  new  L-C  dial,  as 
explained  below,  further  increases  the  speed  and 
versatility  of  the  160-A  Q-Meter  by  eliminating  the 
necessity  for  inductance  calculations. 

Since  the  Q  capacitor  of  the  160-A  Q-Meter  has 
a  capacitance  range  of  somewhat  more  than  10:1,  it 
is  evident  that  inductance  values  over  a  10:1  range 
can  be  resonated  at  any  single  frequency.  It  is, 
therefore,  possible  to  include  on  the  Q  capacitor  dial 
a  single  decade  inductance  scale  reading  directly  in 
terms  of  effective  inductance  provided  that  the  proper 
measurement  frequency  is  selected.  The  new  L-C  dial 
is  based  on  this  principle. 

Write  for  Catalog  “D” 


An  inductance-frequency  reference  plate  has  been 
provided  on  the  front  panel  which  shows  the  proper 
frequency  to  which  the  RF  oscillator  should  be  set  in  order 
to  obtain  the  inductance  measurement  range  desired. 
Any  one  of  six  consecutive  inductance  tuning  ranges  may 
be  selected,  permitting  overall  inductance  measurements 
of  from  0.1  microhenry  to  100  millihenries  to  be  made. 

For  those  160-A  Q-Meter  owners  who  wish  to  equip 
their  own  instruments  with  the  new  L-C  dial,  a  dial  con¬ 
version  kit.  Type  560-A,  is  available  which  contains 
complete  parts,  hardware,  and  instructions  for  installing 
this  dial  without  disturbing  the  calibration  of  the  160-A 
instrument. 


l-c  DIAL  CONVERSION  KIJ  TYPE  560-A 

This  conversion  kit  is  available  in  a 
unit  package,  complete  with  all 
items  required  to  install  the  l-C 
dialonyourpresent160-A  O-Meter. 

Further  details  upon  request. 


DESIGHCRS  AND  MANUFACTURERS  OF  THE  "O”  METER  .  .  .  QX-CHECKER  .  .  .  FREQUENCY  MODULATED  SiG»4AL 
CENE|^TOR  .  .  .  BEAT  FREQUENCY  GENERATOR  . .  .  AND  OTHER  DIRECT  RSADINC  TEST  INSTRUMENTS 


ELECTRONICS  — August,  1947 


i. 


/ 


each  level  is  assigrned  a  number. 
These  numbers  are  transmitted  by 
the  binary  system  shown  in  Fig. 
IB.  With  the  five-pulse  code  groups, 
about  two  percent  distortion  is  in¬ 
troduced  by  the  amplitude  quanti¬ 
zation  technique.  In  the  actual  sys¬ 
tem,  because  of  the  nature  of  the 
voice  signal,  the  steps  or  quanta 
levels  are  logarithmic,  being  small¬ 
est  fof  low  levels,  thus  giving  a 
nearly  uniform  percentage  preci¬ 
sion  throughout  the  amplitude 
range.  Using  logarithmic  steps 
permits  using  far  fewer  steps  than 
would  be  necessary  for  the  same 
fidelity  if  uniform  steps  were  used. 

The  pcm  gystem  using  five-pulse 
groups  requires  slightly  less  than 
five  times  the  bandwidth  of  a  pulse 
amplitude  modulation  (pam)  sys¬ 
tem,  but  is  far  less  subject  to 
cross-talk  in  a  multiplex  network, 
and  tolerates  a  much  lower  signal- 
noise  ratio. 

Figure  2  shows  the  basic  experi¬ 
mental  circuit  for  pcm.  The  voice 
signal  is  sampled  into  amplitude 
modulated  pulses.  Each  a-m  pulse 
is  stored  on  a  capacitor  in  the  stor¬ 
age  circuit,  the  voltage  so  produced 
being  compared  to  a  reference 
voltage.  If  the  capacitor  volt¬ 
age  exceeds  the  reference  voltage 
a  positive  pedestal  voltage  is  ap¬ 
plied  to  the  pedestal  modulator 
which  gates  the  timing  pulses  from 
the  timing  pip  generator  to  give 
an  output  pulse,  which  corre¬ 
sponds  to  the  largest  value  digit 
in  the  binary  number.  This  pulse 
is  transmitted  and,  in  addition,  is 
fed  back  through  the  delay  and 
subtraction  circuits  to  subtract  a 
charge  from  the  storage  capacitor. 
The  remaining  charge  is  compared 
to  a  new  reference  voltage  equal  to 
half  the  original  reference,  and, 
by  the  same  process,  a  second  digit 
generated.  If  the  sampled  pulse 
amplitude  is  less  than  the  refer¬ 
ence  voltage,  no  pulse  is  transmit¬ 
ted.  At  the  receiver,  the  pulse 
groups  are  reconverted  into  the 
voice  signal  by  subtracting  a  lo¬ 
cally  established  charge  from  a 
capacitor  in  accordance  with  the 
incoming  pulses. 

Although  the  system  is  still  in 
the  experimental  stage,  it  has 
given  very  acceptable  transmission 
for  voice  and  music.  Its  chief  ad- 

(Contlnuad  on  p  174) 


SCAP0LITE 
(CAT>  EYE) 


CORUNDUM 

(SAPPHIRE) 


SPOOUMENE 

(KUNZITE) 


INTENSE  X-RAYS  change  colors  in  gem  stones.  A  few  stones  so 
affected,  are  identified  above  (see  cover) ;  some  50  are  listed  by 
F.  H.  Pough  and  T.  H.  Rogers  in  American  Mineralogist,  p  37,  32, 
1947. 

Although  it  has  long  been  known  that  x-rays  affected  colors  of 
some  gems,  extensive  investigations  of  the  effects  were  time-consum¬ 
ing  until  Machlett  Laboratories  developed  a  60-kv  x-ray  tube  with 
a  w^er-cooled  tungsten  target,  and  a  onfe-millimeter-thick  beryllium 
window.  The  beryllium  window  transmits  x-rays  of  longer  wave¬ 
length  and  with  less  loss  than  conventional  windows.  Wavelengths 
from  0.4  to  4.0  Angstroms  are  available  from  this  tube.  The  photo¬ 
graph  below  shows  the  water  cooling  ducts  connected  on  the  back  of 
the  tube  head. 

Coloration  produced  by  x-ray  irradiation  depends  on  the  material, 
origin  of  a  particular  stone,  and,  to  some  degree,  its  cutting.  In  most 
instances  coloration  is  only  semipermanent;  it  can  readily  be 
removed  by  heating  or  exposure  to  sunlight  (infrared).  The  cause 
of  coloration  is  associated  with  redistribution  of  electrons  in  the 

crystals  of  the  stones  by  the  x-rays. 
Migration  electrons 
their  stable  removes  the 

coloration.  the  can  be 

made  may  a 

means  In  any 

case  affords  a  means 

of  stones  study- 

ing  the  physical  nature  of  crystals. 
The  x-ray  source  has  numerous 
other 

For  the*  picture  on  the  front 
cover,  about  eight  minutes  irradi- 
^  ^  ation  was  required  to  produce  the 
color  changes;  tube  beam  current 
was  50  ma.  Actually  the  stones 
are  on  a  glass  plate,  but  the  plate, 
being  coated  with  a  nonrefiecting 
surface,  is  invisible.  The  x-ray 
tube  lies  below  the  glass,  port 
toward  the  gems.  This  technique 
permitted  a  close-up  of  the  stones 
taken  despite  disparity  in  size 
between  stones  and  x-ray  tube. 
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Cl^iTC  W'l  illU' 


Ail3155 


Put  This  Formula 
To  Work  For  You 


The  formula  it  a  favorite  and  ewily-remeinj^recl  solu-  I  t  I 

tion  to  resistance  problems.  Radio  and  electroiUP  Engineers  |  \  I  V  / 

know  that  IRC  offers  the  most  complete  liq|  of  resistance 
products  in  the  industry  ...  a  fixed  or  va|jpble  resistor  for 

Bmost  every  requirement . . .  with  uniform  (^endability  proved 
by  years  of  rigorous  laboratory  and  tests.  Purchasing 

_ _ _  Agents  and  material  control  executivcpiikc  IRC's  service  ... 

"on>time”  deliveries  .  .  .  factory  sunft-piles  of  the  most  pop-  ,  \ 

i  ular  types  and  ranges  from  whichilicy  can  draw  in  emergency 

}  .  .  .  IRC’s  distributor  network,  iproviding  speedy,  Vound-the- 

V:a»< !  comer  service  for  small  orde^fequirements. 

- 1  Put  this  formula  to  work  Br  you  . . .  check  below  the  catalog 

bulletins  in  which  you  &  interested— tear  out  this  page,  and 
mail  it  to  us  today  wifl  your  letterhead,  giving  your  name  and 
title.  International  Bpisunce  Company,  401  N.  Broad  Street, 
Philadelphia  8,  Punsylvania.  In  Canada:  International  Resist¬ 
ance  Company, Ztd.,  Toronto,  Licensee. 
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COMPOSITION 
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VOLTMnER 
MULTIPLIERS 
IRC  typss  ^ 
MFA  A  MFR : 


ff  :  POWER  RHEOSTATS 

.  IRC  iMiM 


WATER-COOLED 
RESISTORSjj; 
IRC  typsLtJ 


HIGH  voltage 
RESISTORS 
IRC  typsMV 


PRECISION 

RESISTORS 


HIGH  POWER 
RESISTORS 
IRC  type  MP 


Whffrm'-Thf 


1 

9 

2 

H 

P»««f  R«t>tl«rt*Pr*(>tion(*lmwi«*«e  C»in>o«ino«»  R«*i>(on>l«w  W«ltop«  Wir*  W««M4t*Rli*o(tott*Centrpl(*Vokin*»«r  MuMpKaritVoNop*  0tvi4«r«*HF  and  Hipit  V«l»a««  Itoiiclon 


ELECTRONICS  —  Aug«#,  1947 


13 


NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  packaged  units, 
allied  products;  new  tubes.  Catalogs  and  manu¬ 
facturers’  publications  reviewed. 


The  lug  illustrated  is  handy  for 
small  wires  with  heavy  insulation. 
Electrical  connection  is  made  with 
pressure  and  the  tabs  can  be  folded 
about  the  insulating  material. 


Television  Tube  (1) 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  10-inch  aluminum-backed, 
type  10FP4  with  magnetic  focusing 
and  deflection  has  been  developed 
for  television  receivers.  Maximum 


F-M  And  Television 
Antennas  (6) 

Rauland  Corp.,  4245  North  Knox 
Ave.,  Chicago,  Ill.,  has  released  the 
first  of  a  new  line  of  f-m  and  televi¬ 
sion  antennas  to  the  radio  indus¬ 
try.  The  model  150,  with  an  omni- 


designed  that  it  can  be  built  into 
existing  cabinets  or  installed  in  the 
wall  of  a  room.  The  high-frequency 
section  uses  a  multicellular  horn. 


(anode)  voltage  required  is  10,000 
volts.  Further  details  are  obtain¬ 
able  from  the  Tube  Division. 


Vibration  Mount  (4) 

Hamilton  Kent  Manufacturing 
Co.,  Kent,  Ohio,  announces  a  new 
light-duty  vibration  mount  to  iso¬ 
late  vibration  in  radios,  test  appar¬ 
atus,  and  the  like.  These  Rexon 


directional  pickup  and  high  sensi¬ 
tivity,  is  designed  specifically  for 
use  on  the  88  to  108  me  f-m  band. 
Constructed  entirely  of  aluminum 
and  small  in  size,  it  contributes  to 
low  wind  resistance.  Additional 
models  will  be  released  in  the  near 
future. 


(ieiger  Tube  (2) 

Geophysical  Instrument  Co.,  1820 
N.  Nash  St.,  Arlington,  Va.  A  new 
all-metal  Geiger  counter  tube  with 
a  low  background  and  an  operating 
potential  of  about  1,000  volts  is  now 


Phonograph  Cartridge  (7) 

Pickering  and  Co.,  Inc.,  20  West 
57th  St.,  New  York  19,  N.  Y.  A  new 
cartridge  for  home  phonograph  use 
requires  a  pressure  of  a  half  ounce 
and  gives  a  flat  response  from  40  to 
10,000  cycles.  Intermodulation  and 


available  in  a  variety  of  sizes  from 
a  half  inch  to  5  feet  long  and  in 
diameters  of  a  half  inch  to  3  inches. 
Tubes  can  be  supplied  separately  or 
with  auxiliary  systems. 


mounts  are  furnished  in  strips 
twelve  inches  long  and  may  be  used 
entirely  or  cut  into  sections,  de¬ 
pending  on  the  load  to  be  supported. 
Additional  information  will  be  fur¬ 
nished  by  the  manufacturer  on  re¬ 
quest. 


Dual  Speaker  *  (3) 

Altec  Lansing  Corp.,  250  West 
57th  St,  New  York  19,  N.  Y.  A 
new  loudspeaker  with  a  frequency 
range  of  50  to  15,000  cycles  has  sep¬ 
arate  woofer  and  tweeter  in  a  co¬ 
axial  construction.  The  unit  is  so 


Small-Wire  Lug  (5) 

Burndy  Engineering  Co.,  Inc.,  107 
Bruckner  Blvd.,  New  York  54,  N.  Y. 
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SEALING  TO  GLASS 


CERAMIC^  AND  MANUFACTURING  CO.  •  LATROBE,  P 

IXPORT  DIRARTMiNT:  13  I.  40th  New  York  1«,  N.  Y.  •  Cable  Address  ARLAR,  ell  cedes 


Kovar  meets  exacting  requirements  ior  sealing  to  glass. 

Here  are  a  few  outstanding  features: 

1.  For  use  with  hard  glass,  having  high  thermal  shock 
properties  and  permits  high  temperature  evacuahon. 

2.  Matches  expansivity  of  the  glass  over  entire  temfierature 
range  (up  to  the  plastic  state  of  the  glass)  resulting  in 
strain-free  seals. 

3.  Resists  mercury  attack. 

4.  Not  subject  to  size  limitations  (seals  have  been  made 
with  Kovar  12"  in  diameter  and  thick). 

5.  Readily  seals  with  simple  oxidahon  procedure. 

6.  Mechanical  strength — full  metal  thickness  without  "feather 
edge." 

'Trade  Mark  No. 

SieSTUPAKOFF 


Kovar  has  gained  world-wide  acceptance  and  is  used  by 
leading  American  and  foreign  manufacturers.  It  is  easily 
machined  or  cold  formed  and  is  available  in  all  desired 
shapes — sheet,  strip,  foil,  wire,  rod,  leads,  tubing,  cups, 
eyelets  and  flanges. 

When  writing  ior  hterature,  please  state  the  nature  of 
your  proposed  appheation. 
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( 
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Synchronous  Timer  (8) 

American  Time  Corporation, 
Springfield  1,  Mass.  The  Chronolux, 
a  new  synchronous  timer  for  dark- 


J 

(continued  on  p  194) 
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harmonic  distortion  are  extremely 
low.  Output  voltage  for  a  stylus 
velocity  of  10  centimeters  a  second 
is  70  millivolts.  A  permanent 
sapphire  stylus  is  provided.  One 
feature  of  the  unit  is  a  clip  that 
allows  attaching  the  cartridge  to 
the  pickup  arm  of  practically  any 
record  player. 


High-Voltage  Resistors  (9) 

Resistance  Products  Co.,  714  Race 
St,  Harrisburg,  Pa.  Now  in  pro¬ 
duction,  the  type  B  high-voltage  re¬ 
sistors  can  be  made  in  resistance 
values  as  high  as  a  million  megohms. 


mounting  for  easy  removal.  Com¬ 
plete  specifications  are  given  in 
Bulletin  100-425. 


A-C  Voltage  Regulator  (14) 


Sorensen  and  Co.,  375  Fairfield 
Ave.,  Stamford,  Conn.  The  new 
model  150  voltage  regulator  has  an 
input  range  of  95  to  126  volts  a-c 
with  an  output  of  116  volts.  Regu- 


rooms,  works  by  automatic  control 


of  the  exposure  interval.  Simply  op¬ 
erated  and  automatically  reset,  it 
can  be  used  on  110  volts,  60-cycle, 
with  a  1,000-watt  capacity.  Retail 
price  is  $16.78. 


floor  stand  is  easily  adjusted  to  the 
desired  height  and  the  attached  mi¬ 
crophone  can  be  rotated  at  will. 
Height  adjustment  ranges  between 
36  and  65  inches.  Write  for  Bul¬ 
letin  134. 


F-M  Transmitter-Receiver  (11) 

General  Electric  Co.,  Syracuse, 
N.  Y.  New  60- watt  f-m  transmitter- 
receiver  combination  equipment  for 
fixed  station  use  can  be  remotely 
operated  over  a  single  pair  of  tele- 


high  frequency  switching  efficiency. 
The  unit  is  available  with  either 
two  or  three-position  index.  Double 
wipe  clips  assure  constant  pressure 
and  low  internal  resistance.  Com¬ 
plete  technical  data  is  contained  in 
Bulletin  No.  953. 


Plug-ln  Capacitors  (13) 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  Type  QC 
capacitors  are  hermetically  sealed  in 
round  aluminum  containers  and  are 
provided  with  a  four-pin  octal  base 


They  might  be  used  in  high-voltage 
probes  for  v-t  voltmeters.  Applica¬ 
tions  will  be  found  in  television, 
x-ray  circuits,  and  other  electronic 
fields. 

Mike  Stand  (10) 

Electro- Voice,  ,  Inc.,  Buchanan, 
Mich.  The  model  430  button-control 


phone  wires.  The  type  SC-9  uses 
one  or  two  receivers  for  police, 
power,  forestry  and  public  utility 


Slide  Switch  (12) 

Centralab  Division  of  Globe-Un¬ 
ion,  Inc.,  Milwaukee  1,  Wis.  A  new 
slide  switch  is  designed  for  im¬ 
proved  a-m  and  f-m'  performance 
permitting  coils  to  be  mounted  di¬ 
rectly  over  the  switch  thereby  re¬ 
ducing  lead  inductances  for  low  and 


Magnavox . •  • 

Component  headquarters  since  1915 


For  more  than  three  decades  Magnavox  has  served  the  radio 
industry,  spe'cializing  in  the  quantity  production  of  quality 
components  for  the  manufacturing  trade. 

Manufacturers  know  that  their  finished  products  can  be  only  as 
good  as  the  parts  they  use.  To  insure  dependability,  economy  and 
customer  satisfaaion,  they  insist  upon  Magnavox  components— long 
established  as  the  highest,  standard  of  quality. 

Over  100  different  speaker  models  are  made  to  supply  every 
possible  produaion  need.  Opacitor?  and  other  component  parts  are 
highly  perfected  and  standardized  into  container  sizes  right  for  every 
type  installation. 

In  the  modern,  six -acre  Magnavox 'plant,  experienced  engineers 
and  designers  stand  ready  to  apply  their  skills  to  any  of  your  compo¬ 
nent  problems.  When  you  need  loudspeakers,  capacitors  or  other 
components,  ask  for  Magnavox,  and  your  specifications  will  be  met 
exaaly.  There  is  no  substitute  for  experience!  The  Magnavox 
Company,  Components  Division,  Fort  Wayne  4,  Indiana. 


navox 

industry  for  over  32  years 
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should  be  maintained  universally  at 
a  standard  not  below  that  at  pres¬ 
ent  provided.  In  certain  areas,  no¬ 
tably  those  where  such  systems  are 
established,  they  should  be  im¬ 
proved  and  expanded. 

Decca,  provided  it  continues  to 
give  operational  satisfaction  and 
that  the  application  of  lane  identi¬ 
fication  proves  effective,  appears  to 
provide  a  position-fixing  system  of 
an  accuracy  which  meets  the  mari¬ 
ner’s  requirements,  and  therefore 
should  be  improved  and  expanded 
in  regions  where  the  nations  con¬ 
cerned  consider  it  desirable. 

A  long-range  navigational  aid, 
while  desirable  for  certain  marine 
services,  cannot  be  regarded  as 
having  the  same  priority  as  me¬ 
dium-distance  navigational  aids. 

,  .  ,  n  The  long-range  aid  requirements  of 

International  Recommendations  for  Marine  Electronic  Aids  pressing,  but 

in  determining  the  most  appropri¬ 
ate  long-range  aeronautical  aid  it 
will  be  to  the  mutual  advantage  of 
both  air  and  marine  interests  if  due 
weight  is  given  by  the  former  to 
the  relative  advantages  of  the  dif¬ 
ferent  long-range  aid  systems  from 
the  marine  point  of  view. 

If  the  effective  coverage  area 
of  a  system  be  taken  as  that 
within  which  the  system  gives  a 
usable  signal-to-noise  ratio,  stand¬ 
ard  loran  gives  higher  accuracy 
within  its  effective  coverage  area 
than  does  Ckinsol  within  its  larger 
effective  coverage  area.  Therefore, 
as  a  long-range  navigation  system, 
standard  loran  should  be  continued 
and  improved. 


NEWS  OF  THE  INDUSTRY 


Edited  by  JOHN  MARKUS 


Meetings  to  come;  new  tube  standards;  relay 
manufacturers  organize;  experimental  radar 
lab  ;*  index  to  wartime  reports ;  business  expansion 


Current  Status  of  F-M  Stations 


Some  216  f-m  stations  are  now 
on  the  air.  Construction  permits  or 
conditional  grants  have  been  issued 
by  the  FCC  to  nearly  800  new  sta¬ 
tions,  and  more  than  200  applica¬ 
tions  are  pending. 


More  than  500  different  communi¬ 
ties  in  47  states,  the  District  of 
Columbia,  and  Puerto  Rico  are  in 
the  service  areas  of  nearly  1,000 
authorized  or  projected  frequency- 
modulation  broadcast  stations. 


Recommendations  and  conclusions  shore  and/or  depths  of  water  under 
of  IMMRAN — the  recent  Interna-  the  keel. 

tional  Meeting  on  Marine  Radio  A  position-fixing  system  is  re- 
Aids  to  Navigation  where  92  repre-  quired  for  safe  entry  into  the  zone 
sentatives  from  31  maritime  na-  at  which  radar  becomes  effective, 
tions  gathered  in  New  York  City  bearing’in  mind  that  the  extent  of 
and  New  London,  Conn,  to  discuss  such  a  zone  varies  with  the  ad- 
the  application  of  electronic  aids  equacy  of  the  radar  targets  avail- 
to  navigation  and  pilotage — are  em-  able. 

bodied  in  a  three-part  final  report  Although  the  system  of  medium¬ 
covering  marine  radar  (reported  in  frequency  d-f  and  associated  radio- 
Electronics,  p.  144,  July  1947),  beacons  may  not  fully  satisfy  the 
position-fixing,  and  comprehensive  requirements  set  out  in  the  table, 
radio  aids.  The  latter  two  sections  it  can  continue  to  fulfill  a  useful 
of  the  report  are  abstracted  here,  function  in  making  landfall  and  in 

coastal  navigation,  as  well  as  for 
PoMion-Fixing  System,  requirements. 

Development  and  adoption  of  The  system  should  be  periodically 
equipment  and  systems  for  marine  reviewed  in  comparison  with  the 
navigation  should  be  guided  by  the  then  existing  needs  of  the  marine 
accompanying  table  of  desired  ac-  user  in  regard  to  coastal  areas, 
curacies  and  available  times  for  de-  Existing  systems  of  radiobeacons 
termination  of  position,  in  relation  provided  for  use  in  conjunction  with 
to  the  approximate  distances  off  shipborne  medium-frequency  d-f 


Comprehensive  Radio  Aids 

It  is  recommended  that  an  inter¬ 
national  standing  committee  be  set 
up  for  the  purpose  of  making  in¬ 
formation  available  to  the  user  upon 
request,  and  to  have  such  informa¬ 
tion  available  for  an  appropriate 
future  international  conference  or 
organization.  This  committee  would 
include  scientific  experts  to  obtain 
and  coordinate  numerical  data  on 
the  performance  of  various  radio 
navigational  aids.  The  Govern¬ 
ments  of  the  United  States  and  the 
United  Kingdom  are  invited  jointly 
to  study  the  means  of  implementing 
these  recommendations. 

2.  It  is  recommended  that  each 
administration  undertake  or  con¬ 
tinue  studies  and  analyses,  and  pre- 


Desired  Specifications  for  Electronic  Aids  to  Marine  Navigation 


Function 

Depth 
of  water 

Distance 
from  nearest 
danger 

Accuracy 

required 

Time  available 
to  obtdin 
position 

Aid  to  ocean  navi¬ 
gation 

Over  100 
fathoms 

, 

Over  50  miles 

±  1  percent 
of  distance 
from  danger 

15  minutes 

Aid  to  approaching 
coastal  navigation 
and  port  approach 

20-100 

fathoms 

Between  50 
miles  and  3 
miles 

±  i  mile  to 
±  200  yeu'ds 

5  minutes  to  ^ 
minute 

Aid  to  harbor  en¬ 
trance 

Up  to  20 
fathoms 

Less  than  3 
miles 

±50  yards 

Instantaneous  posi¬ 
tion  and  track  re. 
quired 

144 
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BETTER  THINGS  EOR  BETTER  LIVING 
THROUGH  CHEMISTRV 


with  radio  antenna  lead-in  cable 

insulated  with  ’ 

Du  Pont  POLYTHENE 


A  Extruded  rube  of  Du  Pont  polythene.  Type  PM- 1, 
0.125"  /.  D.  X  0.20ff'  O.  D.  (one  of  many  sizes),  used 
for  inner  core  of  shielded  lead-in  tubing  for  a  radio 
antenna.  Polythene  Is  ideal  for  this  core  because  it  is 
easily  extruded,  retains  electrical  properties. 

B  Tirmed  copper  basket-weave  braid  is  woven  over 
inner  core  of  polythene  to  incorporate  electrical  prop¬ 
erties  necessary  in  shielded  lead-in  tubing. 

C  The  outer  jacket.  Type  PM-2  polythene,  about  35 
mils  thick,  adds  neat  appearance,  seals  out  water. 


Now,  with  the  use  of  Du  Pont  polythene, 
it  is  possible  to  make  a  lead-in  cable,  from 
the  antenna  to  the  instrument,  that  helps 
to  assure  proper  operation  of  automobile 
radios — a  lead-in  cable  that  is  water-tight, 
has  excellent  electrical  properties,  is  eco¬ 
nomical  to  assemble,  and  gives  long  service. 

Du  Pont  polythene  has  been  successfully 
used  as  the  insulating  material  for  the 
shielded  lead-in  tubing  made  by  The  Amer¬ 
ican  Brass  Company,  Waterbury,  Conn., 
because  it  has  low  capacitance  and  is  usable 
over  a  wide  range  of  temperatures.  In  ad¬ 
dition,  Du  Pont  polythene  has  these  other 
outstanding  advantages : 

RESISTANCE  TO  MOISTURE  —  Poly¬ 
thene  has  low  moisture  permeability,  protects 


the  cable  from  short  circuits  caused  by 
moisture. 


LASTING  FLEXIBILITY  — Polythene 
withstands  twisting  and  bending  over  a  wide 
range  of  temperatures. 

HIGH  **Q’' — Electrical  losses  within  a 
polythene-insulated  cable  are  negligible. 

EASE  OF  HANDLING  — Polythene  has 
good  extrusion  qualities,  is  economical  to 
assemble. 


Your  insulating  problem  may  be  solved 
by  using  Du  Pont  polythene.  Write  us  for 
complete  information  on  this  light-weight, 
durable  insulating  material.  E.  I.  du  Pont 
de  Nemours  &  Co.  (Inc.),  Plastics  Dept. 
148,  Arlington,  N.  J. 


Du  Punt  munufucturut  pelytliunu  molding  powdor. 
Commorclal  OKtrudor*  convort  polythono  into  tho  form*  of 
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tion  respecting  the  type  of  modula¬ 
tion  to  be  employed  and  the  char¬ 
acteristics  thereof.  • 

If  it  proves  desirable  to  standard¬ 
ize  on  two  frequencies  for  this  pur¬ 
pose,  consideration  should  be  given 
to  the  possibility  of  separating  them 
by  some  difference  such  as  five 
megacycles. 

International  agreement  should 
be  secured  on  allocation  of  fre¬ 
quencies  for  at  least  one  two-way 
communication  circuit.  If  possible, 
further  allocations  should  be  agreed 
internationally  for  a  second  such 
circuit,  should  the  first  prove  to  be 
insufficient  in  the  vicinity  of  160  me. 

Each  countr*r  should  establish  ap¬ 
propriate  machinery  to  coordinate 
air  and  marine  interests,  so  that 
delegates  to  international  meetings 
on  either  marine  or  air  radib  aids 
may  speak  with  the  interests  of  both 
in  mind. 

No  monopolistic  practices  should 
prevent  any  country  from  manufac¬ 
turing  radio  aids  to  navigation  that 
have  been  agreed  internationally  as 
tional  communications  on  rivers  and  of  proven  value  to  the  mariner, 
lakes  as  well  as  on  the  coasts  of  the 
various  countries  suggest  that  at 
least  one  two-way  circuit  in  the 
160-160  megacycle  region  should  be 
adopted  as  standard.  There  should 
also  be  international  standardiza- 


pare  proposed  minimum  standards, 
for  radio  aids  to  navigation  equip¬ 
ment  other  than  radar. 

3.  It  is  recommended  that  each 
Administration  ensure  the  institu¬ 
tion  of  an  adequate  personnel  train¬ 
ing  program  for  efficient  operation 
and  maintenance  of  radio  aids  to 
navigation  equipment. 

Tolerance  of  components  and  de¬ 
sign  of  equipment  should  be  such 
that  when  components  are  inter¬ 
changed  no  realignments  become 
necessary  which  would  require  spe¬ 
cial  apparatus  or  skilled  personnel. 

Dimensions  and  electrical  char¬ 
acteristics  of  main  components 
(such  as  magnetrons,  local  oscilla¬ 
tors,  crystals,  tubes,  and  transform¬ 
ers)  should  be  standardized. 

In  view  of  the  importance  of 
radio  aids  to  safe  marine  naviga¬ 
tion,  adequate  provision  should  be 
made  to  meet  the  requirements  of 
mariners  at  the  International  Tele¬ 
communications  Conference. 

VHF  radio  telephony  will  pro¬ 
vide  the  maritime  service  with  a 
valuable  means  of  navigational 
communication  for  ship  to  ship  and 
ship  to  shore,  within  the  range  al¬ 
lowed  by  the  choice  of  frequency. 

Requirements  of  the  maritime 
service  for  harbor  control  of  ship¬ 
ping,  safety,  distress,  and  naviga- 


Fonmoit  of  U.  S.  Maritimo  Commiuion's 
training  Touel.  AMERICAN  SAILOR,  show¬ 
ing  throe  of  the  fire  radar  econnere  in¬ 
stalled  for  IMMRAN  demorutrotions.  Those 
shown  are  Raytheon  at  top.  Radiomarine 
at  lower  left  and  Sperry  at  lower  right. 
Westinghouse  scanner  was  on  aftermost, 
and  General  Electric  scanner  was  on  top 
of  wheelhouse 


Radio  Aids  to  Tennis 

Tests  of  a  radio  aid  for  tennis  in¬ 
struction  were  authorized  by  the 
FCC  in  granting  a  construction  per¬ 
mit  for  an  experimental  class  2 
portable  station,  with  power  output 
of  1  watt  on  27.44  me,  to  Charles  G. 
Lungren  who  is  working  at  the  Uni¬ 
versity  of  Miami  with  tennis  coach 
Mercer  Beasley. 

A  student  being  coached  would 
wear  a  small  receiver  attached  to 
the  small  of  his  back  and  diminu¬ 
tive  earphones  resembling  those  em¬ 
ployed  for  hearing  aids.  The  initial 
use  of  the  portable  equipment  will 
be  for  one-way  communication  with 
players  during  games  to  prevent  in¬ 
terruptions  of  play  during  instruc¬ 
tion. 


MEETINGS 


Auo  26-29:  AIEE  1947  Pacific  Gen¬ 
eral  Meeting,  Hotel  San  Diego,  San 
Diego,  Calif. 

Sept.  8-12:  Second  Annual  Confer¬ 
ence  and  Eadubit  of  The  Instrument 
Society  of  America,  at  Stevens 
Hotel,  Chicago. 

Sept.  15-18:  Annual  convention, 
National  Association  of  Broad- 
cfuters,  AUantic  City,  New  Jersey, 
with  exhibits  in  Convention  Hall. 

Sept.  23-25:  AIEE  Middle  Extern 
District  Meeting,  Dayton,  Ohio. 

Sept.  24r-26:  West  (^oast  IRE  Con¬ 
vention,  Palace  Hotel,  San  Fran- 
dsoo,  Calif.,  Prof.  Karl  Span^n- 
bui]g,  general  chairman,  Stamord 
University,  Palo  Alto,  Calif. 

Sept.  26-28:  Third  annual  Elec¬ 
tronics  Trade  Show,  Hotel  Whit¬ 
comb,  San  Francisco,  sponsored  by 
West  Coast  EJectronic  Manu¬ 
facturers*  Association,  W.  Noel 
Eldred,  secretary,  care  of  Hewlett- 
Packard  Co.,  Palo  Alto,  Calif. 


Sept.  26-28:  Hudson  Division 
ARRL  Convention,  Convention 
Hall,  Asbury  Park,  N.  J.;  technical 
pap^  and  exhibits  of  electronic 
equipment  for  radio  amateurs. 

Sept.  29-Oct.  2:  Annual  meeting. 
International  Municiped  Signal  As¬ 
sociation,  Inc.,  Pantlind  Hotel, 
Grand  Rapids,  Michigan;  technical 
papers  and  exhibits  of  police  and 
^  radio  equipment. 

Sept  30-Oct.  11:  National  Radio 
Exhibition,  Olympia  Hall,  London, 
sponsored  by  British  Radio .  In- 
dust^  Council  and  featuring  new 
Britiw  radio,  electronic  control, 
radar,  and  television  equipment. 

Oct.  23-25:  Annual  Meeting 
Optical  Society  of  America,  Nether- 
land  Plaza,  Cincinnati,  Ohio;  sym¬ 
posium  on  microwave  optics. 

Nov.  3-5:  National  Electronics  Con¬ 
ference,  Eklgewater  Beach  Hotel, 
Chicago. 

Nov.  3-7:  AIEE  Midwest  General 
Meeting,  Chicago,  Ill. 


RMA  EUects  Officers, 

Expands  Services 

Expanded  services  to  help  radio 
manufacturers  readjust  their  oper¬ 
ations  to  postwar  conditions  were 
authorized  by  the  new  RMA  Board 
of  Directors  at  the  concluding  busi- 

(contlnusd  on  p  234) 


ELECTRONICS 


I 


I  • 


This  trie  of  standard  Gaardian  Stepping  Relays:  (1)  continuous 
rotation,  (2)  electrical  reset,  (3)  add  and  subtract — will  start  you 
off  with  a  minimum  of  design  and  keep  your  product  operating 
indefinitely.  The  Guardian  Steppers  shown  are  adaptable  to 
numerous  applications:  automatic  circuit  selection:  automatic 
sequence  selection  of  circuits:  automatic  sequence  cross>connec- 
tiou  of  circuits.  They  are  used  in  automatic  business  machines, 
production  totalisers,  conveyor  controls,  animated  displays,  tele, 
phony,  remote  tuning,  with  a  host  of  additional  uses  you  will  soon 
discover.  On  each,  the  contact  finger  rotates  counter-clockwise. 
All  three  Steppers  follow  10  pulses  per  second  within  the  rated 
voltage  range  of  the  relay.  Special  construction  prohibits  skip¬ 
ping  or  improper  indexing  of  the  ratchet.  Available  in  separate 
units  or  in  combination  with  relays,  contact  switches,  solenoids: 
completely  assembled  and  wired  to  terminals:  mounted  on  special 
bases  or  in  enclosures.  ''Special'*  modifications  are  obtainable  in 
production  quantities.  Write  for  Bulletin  SR. 


Series  100  Snap-Action  Relay 


Series  500  Midget  Relay 


Guardian  Featherwb  Switch 


Series  1-A  Solenoid 


^6;  i!LiS(g^iaa® 

1  625-J  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 

A  COMPLeii  LINE  OF  KELAYS  SEAVING  AMEtICAH  IMDU5TMY 
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TUIES  AT  WORK 

(continuad  from  p  134) 


FIG.  1  —  Registance*  versus  •temperature 
curves  tor  typical  neqative  temperature 
coefficient  resistors 


abled  by  the  resulting  subnormal 
heater  voltage. 

The  growing  use  of  selenium  rec¬ 
tifiers  has  focused  attention  on 
these  problems,  for  the  rectifier 
tubes  which  were  displaced  had 
acceptable  (though  operationally 
not  too  satisfactory)  means  for 
connecting  the  pilot  light  in  the 
form  of  a  tap  on  the  heater. 

The  falling  resistance-temper¬ 
ature  characteristics  of  negative- 
temperature-coefficient  resistors, 
also  known  as  semiconductors,  ther¬ 
mal  resistors,  or  thermistors,  make 
possible  an  improved  solution  to 
the  pilot  light-heater  circuit  prob¬ 
lem,  and  resistors  of  this  type  have 
recently  been  designed  into  radio 
receivers  for  current  production. 

Figure  1  shows  the  resistance  of 
typical  one-watt  Keystone  NTC 
units  as  a  function  of  temperature. 
The  temperature  coefficient  of  re¬ 
sistance  is  negative,  is  much  higher 
than  that  of  ordinary  metallic  con¬ 
ductors,  and  depends  upon  the  tem¬ 
perature.  The  NTC  units  are  pro¬ 
duced  from  rare  earth  oxides  in 
values  ranging  from  1.0  ohm  to  1 
megohm  at  room  temperature.  The 
size  and  shape  of  the  piece  may  be 
varied  over  a  considerable  range  to 
achieve  suitable  electrical  and  ther¬ 
mal  properties. 

Circuit  Operation 

If  an  NTC  resistor  is  connected 
in  series  with  other  circuit  resist¬ 
ance,  the  initial  total  resistance 
will  be  the  sum  of  those  due  to  the 
unit  at  ambient  temperature  and 
to  the  remainder  of  the  circuit.  If 
voltage  is  applied  across  the  circuit. 


We  mean  advertising  in  stores  by  continuous 
Magnetic  Recording  . .  ."Advoice"  is  just  a  name  . . . 
call  your  instrument  anything  you  wish!  The  idea 
is  sound.  Why  not  put  grocery  specials  on  wire 
recordings?  Or  maybe  you've  got  a  better  idea. 

If  our  thought  or  yoxir  inspiration  prompts 
a  design  for  a  wire  recorder,  remember  what  Brush  wire 
recording  components  offer: 


AS  B 


These  latest  developments  in  magnetic 
recording  eguipment  can  now  be  obtained  for 
radio  combinations  and  other  uses.  Brush 

engineers  are  ready  to  assist  you  in  your 
particular  use  of  magnetic  recording  components. 


The  Brush  Development  Co 

3405  Perkins  Avenue  •  Cleveland  14,  Ohio 
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COIL 


for  every  application 


Our  toroid  fH»v|*Ji^vo  bocomo  a  by-word  In  ovory 
phaso  of  oloctronics  whore  oply  the  best  results  are 
acceptable.  Toroidal  coils  wound  on  MOLYBDENUM 
PERMALLOY  DUST  CORES  are  the  primary  basis 
for  our  success  in  producing  filters  unexcelled  in  per¬ 
formance. 


TOROIDAL  COILS 

Altheugh  the  dMirand  for  our 
toroidal  coil*  has  boon '  incroating 
rapidly,  wo  aro  maintaining  our 
w«ual  good  dolivory  schodulot. 
Mott  avoiloblo  typos  oro: 

RANGE 

TC-1  SOOcy. — 20KC  , 

,  TC-J  lOOcy. — 5KC 

TC-3  10KC — 100KC 

Coih  aro  ovailablo  in  indiKloncot 
from  1  MHY  to  11  HYS. 


Radio  control — miniaturizing 
— Aircraft.  Nuclear  research. 


Multi  channel  filters  for  car¬ 
rier  modulation. 


Tone  keying  filters  —  wave 
shaping  filters  —  discrimina¬ 
tors  —  delay  networks. 


Line  filters — slope  equalizers 
loading  circuits. 

We  would  be  pleased  to  submit 
quotations  for  special  filters. 

Write  for  our  catalogue. 


&  Ga. 

DESIGNERS  AND  MANUFACTURERS 
OF  ELECTRONIC  PRODUCTS 


45  WARBURTON  AVE. 
YONKERS  2,  N.  Y. 


TUIES  AT  WORK 


(A)  (B)^ 
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1  701-30  J 

5V( 

.-e  ,/<70H5  ' 


(centinuad) 


r  li 


85.5V  j  97.5Vj 


!  98.3V ! 


_ 117.5-VOLT  LINE  | 

FIG.  2 — For  150-ma  heater  tubes,  the  nega¬ 
tive  temperature  coefficient  reeistors  act 
ae  the  only  voltage  dropping  unit 

the  initial  current  will  be  that  cor¬ 
responding  to  the  above  initial  re¬ 
sistance.  However,  the  PR  loss  in 
the  resistor  unit  immediately  be¬ 
gins  to  elevate  its  temperature  and 
there  is  an  accompanying  and  cor¬ 
responding  fall  in  resistance  and  an 
attendant  increase  in  current. 
These  changes  continue  progres¬ 
sively  until  equilibrium  is  reached, 
after  which  the  current  and  the 
temperature  and  resistance  of  the 
unit  remain  at  the  equilibrium 
value.  This  value  may  be  defined  as 
that  corresponding  to  the  condition 
for  which  the  attained  temperature 
rise  of  the  unit  above  its  ambient 
is  sufficient  to  produce  heat  loss  at 
the  same  rate  as  electrical  energy 
is  being  supplied. 

The  cold  resistance  of  vacuum- 
tube  heater  circuits  is  exceedingly 
low  compared  with  the  normal  con¬ 
tinuous  operation  value,  and  hence 
there  is  a  heavy  current  surge  at 
switch-on.  The  pilot  light,  with  its 
relatively  small  and  fragile  filament 
which  is  continuously  evaporating 
in  service,  is  less  well  adapted  to 
withstand  surges  of  the  order  of 
three  to  four  times  rated  current, 
with  the  result  that  conventional 
series  arrangements  of  pilot  light 
and  heater  lead  to  burn-outs  much 
earlier  than  is  the  case  for  more 
nearly  constant  voltage  operation. 

Figures  2  and  3  shows  a  number 
of  practical  circuits  for  150  and 
300-ma  heater  strings  in  combi¬ 
nation  with  one  or  two  type  47  pilot 
lights  and  suitable  resistor  units. 
Many  other  circuit  arrangements 
are  possible  with  the  indicated  NTC 
units  or  other  values;  the  particu- 


offers  you  an 

^IL-I)nclu5iv<t  ELECTRONICS  SERVICE 


RESEARCH 


DESIGN 


ENGINEERING 


For  Efficient^  Economical  Production 

Are  your  present  manufacturing  processes  gineers  and  physicists  are  on  hand  to  initiate 

proving  too  costly?  Are  outmoded  methods  your  project.  Practical,  realistic,  their  job  is 

exacting  a  heavy  toll  in  waste  time,  man-  to  explore  new  ideas,  track  down  new  appli- 

power,  materials?  You’ll  find  Sherron’s  all-  cations  to  make  the  tool  of  electronics  do  a 

inclusive  electronics  service  worth  looking  into.  better  job  for  industry. 

There’s  the  Sherron  laboratory.  A  full-fledged 
service  in  itself,  noteworthy  for  research  and 
development  facilities.  No  mere  auxiliary  de¬ 
partment,  but  a  vital  function  in  the  integrated 
Sherron  operation. 

A  full  complement  of  seasoned  electronics  en- 


Their  creative  and  fact-finding  talents,  meshed 
with  the  skills  and  resources  of  Sherron’s  manu¬ 
facturing*  suff,  can  benefit  you  in  many  ways. 
Why  not  arrange  for  a  talk  with  the  Sherron 
management?  You  will  find  it  worth-while  and 
revealing. 


TYPES  OF  CUSTOM  BUILT  SHERRON  TEST  EQUIPMENT 


GENERAL  TEST  EQUIPMENT: 

(A)  V4$eMmm  Tmht  Ten  Efuipment  —  Aniomaiic 
ProJudion  Tate  Test  Equipment.  Electronic  Refect 
circnili  proviJe  only  poiilhe  rejectt.  Ehminaley 
metert,  placet  quality  control  in  hands  of  tfnahty 
control  men.  (B)  Other  characteritlic  lest  sett  for 
receiving,  small  transmitting  and  power  tuhes, 
cathode-ray  and  kinescope  tuhet.  Baste  character¬ 
istic  tests  —  dynamic  and  static  —  and  bridge  meas¬ 
urements  are  incorporated.  Designed  and  manu¬ 
factured  to  individual  needs  on  custom  built  basts. 

TELEVISION  TEST  EQUIPMENT; 

(A)  Television  Signal  Synthesizer.  Includes  gen¬ 


erating,  viewing  and  iransmiiiing  test  equipment. 
Sync  generators,  monoscopes,  shapers,  timers,  wide 
band  oscilloscopes,  atr  monitors,  measuring  devices 
and  field  survey  equipment. 


Cathode-ray  Null  Detector— I  me  operation.  Cath¬ 
ode-ray  Null  Detector  —  1000  cycle  measurements. 
(B)  D.C.  Vacuum  Tube  Voltmeters  and  Ammeters-. 
Measurements  of  minute  voltages  and  currents 
neceisary  for  laboratory  research.  (C)'  Multi-Wave 
Shape  Generator-.  Source  of  several  wave  shapes, 
including  negative  and  positive  pulses  and  a  trig¬ 
ger  pulse;  used  in  testing  amplifiers  at  audio  and 
video  frequencies.  (D)  Computers  and  Calcula¬ 
tors:  Summing  amplifiers  —  impedance  matching 
networks.  (£)  Control  of  Measurements:  Flow 
indicators  —  sorting,  counting,  etc.  —  Measurement 
of  chemical  titrations  —  electronic  measurement  of 
surface  strains,  stresses,  films,  non  linear  surfaces. 

All  the  above  designed  and  manufactured  to  cus¬ 
tomers’  requirements  and  specs  on  custom  built 
basis. 


COMPONENT  TEST  EQUIPMENT: 

(A)  Focusing  and  deflection  coils.  (B)  Resistor 
and  condensor  testing.  (C)  Wtre  and  insulation 
lest  equipment.  (D)  Relays,  transformers,  chokes 
and  other  iron  components. 

AH  the  above  available  on  custom  built  bans. 
Designed,  developed  and  manufactured  to  custom¬ 
ers’  specs  and  needs. 


INSTRUMENTATION  AND  MEASURING 
DEVICES: 

{A)  A.C.  Bridge  Measuring:  Radio  frequency 
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TUBES  AT  WORK  (coirtinutd) 

lar  types  shown  here,  however,  are 
likely  to  show  advantages  in  cost 
and  ready  availability  over  special 
units  in  limited  cruantities. 

Figures  2A  and  2H  are  simple, 
basic  160-ma  circuits  in  which  the 
resistor  unit  supplies  cushioning 
of  the  initial  surge  and  acts  as  the 
sole  voltage  -  dropping  resistor. 
Surge  voltages  across  the  pilot  light 
may  be  limited  to  peak  values  of 
the  order  of  150  percent  or  less  of 
rated  voltage.  Figure  2C  uses  two 
pilot  lights,  and  a  low-wattage  fixed 
resistor  is  shunted  across  the  re¬ 
sistor  unit  to  achieve  the  desired 
operating  characteristics. 

Figure  3  shows  arrangements  for 
different  heater  voltage  require- 


LnO.47 


out-of-the-ordinary 

Switches 


loasvi 


FIG.  3 — Circuits  lor  300-ma  heater  stringer 
using  type  LA-701  NTC  resistor  units 


ments  with  300-ma  tubes.  These 
circuits  employ  the  same  NTC  unit 
for  the  sake  of  standardization,  the 
fixed  resistance  elements  being 
varied  to  secure  the  desired  result. 
It  does  not  appear  feasible  to  se¬ 
cure  the  total  voltage  drop  for  most 
300-ma  applications  in  the  resistor 
unit  alone,  since  a  sufficiently  large 
piece  would  have  an  excessively  long 
thermal  time  constant. 

Figure  4  shows  simple  and  inex¬ 
pensive  means  for  automatically 
restoring  circuit  conditions  upon 
failure  of  the  pilot  lamp,  and  the 
method  is  applicable  regardless  of 
the  way  in  which  the  operating 
voltage  for  the  lamp  is  secured. 
The  resistance  of  the  shunt  pro¬ 
tective  unit  is  normally  high  com¬ 
pared  with  that  of  the  pilot  light. 
When  the  pilot  fails,  a  substantial 
proportion  of  the  total  circuit  volt¬ 
age  appears  across  the  resistor 


Shaltcross  Switches  offer  a  broad 
assortment  of  finely  made,  low  con¬ 
tact  resistance  rotary  selector  switch 
types  for  exacting  applications.  Nu¬ 
merous  standard  types  in  single  and 
multi-section  units  up  to  1 80  contacts 
can  readily  and  economically  be 
adapted  to  specific  requirements. 

Wril9  for  Switch  BvIMin  C-I  and  C-2 


AKU-OHM  raECISION 
RESISTOBS 

14  Standard  Typai.  50  ovatlabl* 
tpacial  dasigni. 

HKM-V01TA6E  TEST  EQUIPMENT 

1.5  to  200  KV 

BRIDGES 

Whaattten*.  Kalvin-Whaotitona, 
farcant  Limit  and  Fault  locatioa 
Typ*» 

DECADE  BOXES 

1  to  7  dial  typ«i, 

0.1  to  11,  111,  110  ohms 

VOLTAGE  DIVIDERS 
(DEUDE  POTENTIOMETERS) 

Voltago  ratios  0.0001  to  1.0 

AHENUATORS  &  CONTROLS  FOR 
COMMUNICATION  EQUIPMENT 

LOW  RESISTANCE  TEST  SEH 

From  200  micro-ohms  to  100  ehmt 


ELECTRONICS 


SYLVANIA  LABORATORY  EQUIPMENT 


SYNCHROSCOPES 


The  Sylvania  Synchroscope  Model  5  is  es¬ 
sentially  a  5"  cathode-ray  oscilloscope  for 
examining  detailed  structure  of  a  portion 
of  a  periodic  waveform.  It  incorporates  a 
trigger  generator  which  develops  periodic 
pulses  for  synchronizing  purposes.  Fields  of 
application  include  radar,  television,  pulse- 
time-modulation,  loran,  supersonics,  geo* 
physical  exploration.  Also  available:  Models 
5E,  P4,  P4E. 


THERMISTOR  BRIDGES 

The  Sylvania  Thermistor  Bridge  Model 
TBN-7SE  is  a  radio  frequency  bridge  pro¬ 
viding  direct  reading  RF  power  measure¬ 
ments.  Bridge  is  independent  of  frequency; 
designed  for  continuous  operation  at  nor- 
^  mal  laboratory  ambient  temperatures. 

Model  TBN-6SE  is  a  radio  frequency 
bridge  providing  direct  reading  low  RF 
power  measurements.  It  consists  of  a  pre¬ 
cision  Wheatstone  bridge  circuit;  a  stabil¬ 
ized  source  of  2,000  cycle  power  supplying 
the  bridge;  a  source  of  stable  d-c  power  for 
substitution  measurement  of  the  RF  power; 
and  amplifier  for  indicating  balance  or  de¬ 
gree  of  unbalance. 

With  the  Model  TBN-6SE,  full  scale 
meter  indications  from  25  microwatts  to 
2  milhw'atts  are  obtainable  with  a  high  de- 
;  gree  of  accuracy. 


VACUUM  TUBE  BRIDGE^ 
TEST  EQUIPMENT  .^'! 

Capacitance  Bridge  Type  125  permits 
measurement  of  interelectrodc  capacitances 
in  vacuum  tubes  and  other  multi -electrode 
systems.  Proviskm  is  made  for  balancing 
out  and  meeuring  the  direct  conductance 
associated  witH  the  capacitance  under  test. 

Vacuum  Tube  Bridge  Test  Set  Type 
129  is  designed  to  measure  the  dynamic 
characteristics — mutual  conductance,  plate 
resistance  and  amplificatimi  factor— as  well 
as  the  static  characteristics  of  receiving 
type  vacuum  tubes.  Several  power  supplies, 
with  provision  for  metering  them,  are 
arranged  to  supply  a  561 -D  General  Radio 
Vacuum  Tube  Bridge.  Operator  fatigue  has 
been  minimized  in  this  set  by  console-type 
control  and  meter  arrangement. 


SPEaRUM  ANALYZERS 


The  Sylvania  Spectrum  Analyzer  provides 
a  convenient  means  of  studying  the  energy 
spectrum  of  microwave  generators  operat¬ 
ing  as  pulsed  oscillators  or  modulated  CW 
oscillators.  Output  of  magnetron,  klystron, 
rocket  and  similar  UHF  and  SHF  tubes 
can  be  readily  investigated.  Models  avail¬ 
able:  TSS-4SE  for  3,000  Me  region; 
TSX-4SE  for  9,300  Me  region;  TSK-2SE 
for  24,000  Me  region. 


WRITE  FOR  COMPLETE  TECHNICAL  INFORMATION 

SYLVAN  lAV  ELECTRIC 

Electronics  Division  .  .  .  500  Fifth  Avenue,  New  York  18,  N.  Y. 

MAKERS  OF  ELECTRONIC  OEVICES;  RAOlO  TUBES;  CATHODE  RAY  TUBES;  FLUORESCENT  LAMPS,  FIXTURES.  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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TUBES  AT  WORK 


(continued) 


3  15-AMP.  CONTACTS 
•  AMPLE  WORKING 
VOLTAGE  FOR 
MICROPHONES 


I  CABLE  RELIEF 
■ - SPRING 


,  STREAMLINED 
SHEU  DESIGN 


TAPERED  RUBBER 
CABLE-GRIP  BUSHING 


THREADS  TAPPED  IN  METAL 
-  FOR  INSERT  RETAINING 


MAY  BE  USED  FOR  GROUNDING 
CIRCUIT  IF  DESIRED 


XL-3-13  $1.25  List 
RECEPTACLE 


XL-3-14N  $1.15  List 
RECEPTACLE 


XL-3-14  $1.00  Lilt 
RECEPTACLE 


XL-3-13N  $1.25  Lilt 
RECEPTACLE 


WEIGHT  0.0992  (lbs.) 
LENGTH  Approx.  2?i" 
DIAMETER  V 

xTT-ii 

PLUG 


NO  OTHER  SMALL  ELECTRIC 
CONNECTOR  HAS  m  THESE 
DESIGN  FEATURES 

All  the  features  noted  above  on  the  Type  "XL”  with 
one  exception  (the  grounding  contact  position)  are 
found  in  other  leading  (Zannon  Connectors— the 
result  of  years  of  development  and  experience.  Yet 
no  one  other  Cannon  fitting  has  all  these  features 
in  a  shell  of  so  small  a  size.  This  is  an  outstanding 
value  in  the  connector  field. 

INTEGRAL  CLAMP  TYPES  IN  STEEL-Two  integral 
clamp  plugs  (pin  or  socket  insert  assemblies)  are 
available  with  rugged  steel  shells  and,  although 
slightly  smaller  in  length,  mate  with  the  zinc  recep¬ 
tacles  shown  at  the  left.  Like  the  zinc  shell  types, 
they  have  a  minimum  flashover  voltage  rating  of 
1500  Volts  (250  working  voltage). 

SPECIAL  XL  DISTRIBUTORSHIPS  AVAILABLE 

If  you  are  a  radio  parts  jobber  and  wish  to  cash  in  on  the 
growing  popularity  of  this  line  of  connectors,  write  the 
factory  or  contact  a  Cannon  Electric  representative  located 
in  the  following  cities:  Atlanta,  Baltimore,  Boston,  Char¬ 
lotte,  N.  C.,  Chicago,  Cleveland,  Dallas,  Denver,  Indianapo¬ 
lis,  Kansas  City,  Milwaukee,  Minneapolis,  New  Orleans, 
New  York  City,  Salt  Lake  City,  San  Francisco,  Seattle, 
Detroit,  Pittsburgh,  Ft.  Smith,  Ark.,  Buffalo. 

Write  for  Special  Type  "XL-246”  Bulletin,* 
Address  Dept.  H-120. 


CANNON  EIECTRIC 

Efr^TRIC  ,  'development  company 

3209  Humboldt  Street,  Los  Angeles  31,  California 

Canada  &  Britiih  Empire  — Cannon  Electric  Co.,  Ltd.,  Toronto,  Ontario  •  World  Export 
Agents  (excepting  British  Empire)  Frasar  A  Hansen,  301  Clay  St.,  San  Francisco  II,  Calif. 


unit,  followed  by  an  extremely 
rapid  drop  in  resistance  to  a  value 
approximating  that  of  the  pilot. 
This  change  takes  place  in  a  mat¬ 
ter  of  a  few  seconds  before  the  op¬ 
erating  temperature  of  the  heaters 
has  had  an  opporunity  to  change 
appreciably.  In  several  applications, 
less  than  3  percent  change  in  total 
heater  string  voltage  has  been  ob¬ 
served  with  the  pilot  light  in  and 
out  of  the  socket.  The  LA-701  re¬ 
sistor  for  pilot  light  shunting  is  the 
same  as  that  employed  for  voltage 
dropping  and  compensation  in 
Fig.  3. 

For  these  applications,  it  is  in¬ 
herent  that  the  NTC  units  attain 
high  final  operating  temperatures 
(around  300  F)  to  bring  about  the 
necessary  resistance  change  in  a 
suitable  time  interval.  Moreover, 
the  high  operating  temperature 
brings  the  unit  to  a  point  on  the 
characteristic  curve  where  the  tem¬ 
perature  coefficient  is  relatively  low, 
and  hence  the  effect  of  normal 
changes  in  ambient  room  temper¬ 
ature  with  season  and  geographi¬ 
cal  location  on  operating  voltages 
is  relatively  small  and  unimpor¬ 
tant. 

Locating  in  Chassis 

The  high  operating  temperature 
presents  no  special  problems  to  the 
receiver  designer  and  it  is  neces¬ 
sary  to  observe  only  a  few  simple 
precautions  in  applying  the  units 
to  production  set  design.  These  are : 

(1)  The  resistor  unit  should  be  sus¬ 
pended  in  air.  and  should  not  be  in 
contact  with  any  part  or  component ; 

(2)  Leave  the  resistor  leads  as  long 
as  is  consistent  with  space  and  me¬ 
chanical  support  considerations, 


IH 

3 

FIG.  4 — Pilot  lamp  ihunting  circuiti  lor 
type  LA-701  units.  About  three  percent 
change  in  total  heater  voltage  occurs 
when  the  lamp  burns  out 
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KUPMMt  rmoCRAL  VCARS  MIKAO...is  IT&r»  world  wide 
•Moorch  ond  onginooring  orgoniiolion.  of  which  Iho  Fodorol 
lolocommunicotion  loboroforiM.  NutUy,  N.  i»  o  unit- 


100  KINGSLAND  ROAD,  CLIFTON.  NEW  JERSEY 

In  Conodo:  —  Federal  Electric  AEonufoctwring  Company,  Ltd.,  Montreal. 

Eaport  Oietributort:  —  Intemotionol  Standard  Electric  Corp.,  E7  Srood  St.,  N.Y.  C. 
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F-5563 


MERCURY  VAPOR  THYRATRON 

Nogativa-Centrel,  Triod*  Typ* 


Gonaral  Cfcaractarrttfcs 

Filament  Voltace . 

Filament  Current . 

Filament  Heating  Time  (Minimum) . 

Typical  Control  Bias  at  Rated  Voltage . 


5  volte 
10  amperes 
60  seconds 
—  70  volts 


Maximum  Ratings 

Anode  Voltage,  Peak  Forward .  15,000  volts 

Anode  Voltage,  Peak  Inverse .  15,000  volts 

Anode  Current,  Average .  1.6  amperes 

Anode  Current,  Peak  .  6.4  amperes 

Temperature  Range,  Condensed  Mercury .  35* — 50°  C. 


CONNCCTIONS 


DIMENSIONS 


n  ITiT  Assoc ' 


HERE’S  a  new  mercury-vapor  thyratron 
tube  that’s  designed  to  take  plenty 
of  abuse — to  function  properly  under  tem¬ 
porary  overloads  in  excess  of  those  which 
can  be  safely  handled  byt  other  tubes  of 
this  type.  This  is  achieved  by  a  unique  grid 
design,  which  can  block  sudden  overloads, 
yet  still  allow  normal  current  flow  through 
the  tube. 

To  the  user,  this  new  longer-life  tube 
means  lower  replacement  costs — improved 
service  continuity  of  electronic  equipment 
through  added  protection. 

Federal’s  F-5563  thyratron  is  backed 
by  over  38  years  of  research  and  experi¬ 
ence  in  tube  design  and  manufacture.  It 
has  proved  its  ability  to  measure  up  to 
Federal’s  exacting  performance  standards 
— to  pass  Federal’s  rigid  acceptance  tests. 
And  now  it  is  ready  to  take  its  place  on  the 
industrial  “firing  line”.  Write  for  complete 
information,  today.  DepL  L613. 


Federal  Telephone  and  Radio  Corporation 


It’s  Federal’s  F-5563  •  •  •  the  tube 
with  extra  ^Wety  valve'^  action  for 
controlled  high-voltage  rectification 


TUIES  AT  WORK 


(continutd) 


and  anchor  to  large  terminal  lugs 
if  there  is  any  choice.  This  will 
result  in  the  greatest  possible  tem¬ 
perature  drop  between  the  resistor 
and  the  supporting  insulation;  (3) 
Make  sure  that  operating  voltages 
are  checked  with  the  resistor  unit 
in  the  proposed  location  after  ulti¬ 
mate  operating  temperatures  are 
reached  at  the  room  ambient  condi¬ 
tions*  which  are  applicable.  Some 
adjustment  of  operating  voltages  is 
possible  by  relocating  the  unit  in  a 
warmer  or  cooler  position  in  the 
set. 

For  convenience,  the  resistance 
characteristics  of  the  NTC  units 
employed  ijn  the  illustrated  circuits 
are  tabulated  below.  The  rating 
resistance  applies  to  a  temperature 
of  100  F,  no  current.  In  produc¬ 
tion,  tolerance  is  plus  or  minus  20% 
of  the  rating  resistance.  Voltage 
drop  is  measured  in  open  air  and 
allowance  for  confined  space  or  in¬ 
crease  due  to  other  components 
must  be  made. 


DECADE  AMPLIFIER 


MOPCL 100 
ELEaitONIC 
VOLTMETER 


MODEL  330 
DECADE 
AMRLIFiER 


Resist-  operating  Voltage 
Type  ance  Current  Drop 

701-30  912  0.16  amp  27  v 

701-16  790  0.16  amp  15  v 

87-73C  2,000  0.16  amp  9.2  v 

LA-701  260  0.16  amp  10  v 


MODEL  403 
lilttJiPLiER 


Electronic  Engraving 
System 


10  MICROVOLTS 
to  10,000  VOLTS 


A  Photoelectric  method  of  produc¬ 
ing  a  half-tone  screen  printing  plate 
made  of  plastic  material  has  been 
developed  by  engineers  of  Fairchild 
Camera  and  Instrument  Corp,  De¬ 
signed  for  newspaper  reproduction 
of  photographs,  the  finished  plate 
compares  favorably  with  plates 
made  by  the  conventional  photo¬ 
chemical  process.  The  machine 
cannot  make  line  cuts,  such  as  are 
used  in  circuit  diagrams,  produc¬ 
ing  only  66-screen  halftones. 

In  appearance,  the  Fairchild 
photoelectric  engraver  resembles  a 
small  screw-cutting  lathe  of  reason¬ 
able  precision.  It  is  fitted  with  two 
rotating  cylinders  and  two  car¬ 
riages  capable  of  being  fed  at  a 
fixed  rate  along  the  length  of  the 
cylinder.  A  positive  photographic 
print,  cropped  or  projected  to  the 
size  of  the  engraving  desired,  is 


ONE  BILLION  TO  ONE— This  enor- 
mous  range  of  AC  voltages  —  is  easily 
covered  by  the  Model  300  Voltmeter, 

Model  220  Decade  Amplifier  and  Model  402 
Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  fre¬ 
quency  range  of  10  cycles  to  150  kilocycles.  The 
Model  300  Voltmeter  (AC  operated)  reads  from 
.001  volt  to  100  volts,  the  Model  220  Amplifier 
(battery  operated)  supplies  accurately  standard¬ 
ized  gains  of  lOx  and  lOOx  and  the  Model  402 
Multipliers  extend  the  range  of  the  voltmeter  to 
1,000  and  10,000  volts  full  scale. 

ttencriplive  Bulletin  No.  10  Available 


BALLANTINE  LABORATORIES,  INC 

■OONTON,  NEW  JERSEY,  U.S.A. 
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LOGARITHMIC  SCALE  . 

Hi 

There’s  a  Waldes  Truarc  precision-engineered  ring 
for  every  fastening  need.  Truarc  rings  give  a  never- 
foiling  grip,  keep  constant  circularity,  do  a  better  job 
of  holding  machine  ports  together.  Yet  they  ore  easily 
removed  and  replaced  in  a  few  seconds.  See  what 
can  be  done  for  your  product:  send  your  drawing  to 
Waldes  Truarc  Technical  Service  Engineers. 


Bowed  ring  gives  resilient  tension, 
ends  "shimmy,"  costly  machining ! 


In  the  Trupan  Tripod  manu¬ 
factured  by  Accmatool  Com¬ 
pany  of  New  York,  a  Truarc 
Bowed*  ring  positions  pivot 
pin.  It  exerts  a  downward  pres¬ 
sure  of  50  lbs.,  with  two-way 
spring  action.  End-play  from 
accumulated  tolerances  is 
taken  up  resiliently.  Tension 
remains  constant. 


Beveled  ring  eliminates  shims, 
saves  20  minutes' assembly  time! 


CRESCENT  AND  E-RINGS... 
Snap  on  radially  .whore 
axial  assembly  is  impossi¬ 
ble.  Give  firm  grip. 


SELF-LOCKING*. ..  Economi- 
col  where  thrust  is  moder¬ 
ate.  Shaft  requires  no  ma¬ 
chining.  Rin^holds  fast. 


In  the  Tachometer  Generator 
of  Kollsman  Instrument  Divi¬ 
sion,  Square  D  Company, 
Truarc  Beveled*  ring  absorbs 
end-play  rigidly  from  accu¬ 
mulated  tolerances  up  to  .010. 
It  stays  secure  against  heavy 
thrust  and  vibration.  Ease  of 
dis-assembly  simplifies  main¬ 
tenance  and  repairs. 


INVERTED*.  .  .  Uniform 
shoulder  for  abutting 
curved  surfaces,  for  beor- 
ings  with  large  corner  rodii. 


INTERLOCKING  . . .  2-piece 
ring  for  heavy  thrusts.  Posi¬ 
tive  lock  against  high  RPMs 
and  vibrotion.  . 


avoilobie  for  both  internal  and  ^xfmrnal  applications 


#  AHail  this  eovpon  today  for  yovr  copy  of 
"New  Devciopmenf  in  Retaining  Kings" 


Waldes  Kohinoor,  Inc.,  47-10  Anstel  Place  i8-fl 

Long  Island  City  1,  N.  Y. 

Please  send  booklet,  "New  Deyelopmenl  In  Retaining 
Rings"  to: 


child 
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1  two 
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RETAINING  RINGS 


Name. 


WALDES  KOHINOOR,  INC.,  LONG  ISLAND  CITY  I.  NEW  YORK 
Canadian  Diatrib.:  ControUte  Engineering  &  Sales  Ltd..  20  Bloor  Street  W..  Toronto  S 


Company. 


Bnsiness  Addresi 
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tuies  at  work 


(centinutd) 


When  they  couldn't  get  the  real  thing,  folks 
turned  to  ersatz  coffee.  But  they  didn't  like 
it,  because  any  substitute  is  always  a  make¬ 
shift  for  something  else  far  better  and  more 
satisfactory.  Substitutes  for  mica  are  no  ex¬ 
ception.  Nothing  can  take  the  place  of  mica 
wherever  insulation  is  important.  And  no 
other  mica  can  equal  Macallen  in  years  of 
experience,  world-wide  resources  and  unfail¬ 


ing  service. 


You  Need  the  EXTRA  MARGIN  of  SAFETY 
You  Get  with  Macallen  Mica  • 


This  illustration  is  printed  from  a  regular 
copper  plate  engraeing  made  by  the  photo¬ 
graphic  and  chemical  process.  The  original 
of  the  illustration  was  printed  on  news¬ 
paper  stock  and  was  made  from  a  65- 
screen  celltiloid  plate  formed  by  the 
Fairchild  process.  The  man  pictured  is 
Walter  Hoey  who  hit  on  the  first  practical 
basic  principie  making  mechanical  engrav¬ 
ing  possible 


THE  MACALLEN  COMPANY.  lOSTON  27.  MASS. 

CHICAGO:  S65.  W.  Wathiniton  Blvd.  CLEVELAND:  1231  Superior  Ave. 


attached  to  one  cylinder.  There  it 
is  scanned  by  a  photoelectric  cell  in 
a  housing  just  above  that  cylinder. 
On  the  other  cylinder,  a  sheet  of 
celluloid  or  other  plastic  is  fastened, 
while  on  the  adjacent  carriage  is 
mounted  the  engraving  cutterhead. 
This  consists  of  a  heated  stylus, 
ground  to  a  pyramid-shaped  point, 
driven  by  a  magnetic  armature  so 
it  penetrates  the  surface  of  the  cel¬ 
luloid,  burning  small  pyramid¬ 
shaped  depressions  in  the  surface. 

Electronic  amplifiers  connect  the 
scanning  system  and  the  cutterhead 
so  the  depth  of  the  depressions 
formed  in  the  surface  of  the  cellu¬ 
loid  corresponds  to  gradations  of 
shade  of  the  photographic  print 
being  scanned.  By  tying  together 
the  frequency  of  the  oscillation,  the 
line  advance  of  the  cutterhead  car¬ 
riage,  and  the  rpm  of  the  cylinders, 
plus  providing  a  means  of  back¬ 
spacing  one-half  a  dot  space  for 
each  line  advanced,  the  conventional 
halftone  dot  pattern  is  produced. 

The  completed  engraving  is 
trimmed,  scrubbed  in  clear  water, 
mounted  on  wood  or  metal,  and  is 
ready  for  use  in  the  form.  The  use¬ 
ful  area  is  8  by  10  inches.  An  en¬ 
graving  of  this  size  with  a  65-line 
screen  can  be  cut  in  20  minutes. 
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l»i’$  A  DIAL  development  entirely  new  in  operating  simplicity, 
convenience  end  versatility.  It’s  the  Beckman  duodial 
a  multi'turn  rotational-indicating  unit  consisting  of  a  primary  knob- 
dial  geared  to  a  concentric  tums-indicating  secondary  dial,  and  the  entire 
unit  so  tompaet  it  requires  a  panel  space  only  2"  In  diameter. 


The  DUODIAL  permits  extremely 
accurate  vernier  adjustment  of  driven 
controls  and,  when  used  with  heli> 
cally>wound  devices  such  as  the  Beck¬ 
man  Helipot,  it  registers  both  the 
angular  position  of  the  slider  contact 
on  any  given  helix  and  the  position 
of  the  slider  along  the  helical  wind¬ 
ing.  The  DUODIAL  is  so  designed  that 
—  as  the  primary  dial  is  rotated 
through  each  complete  revolution  — 
the  secondary  dial  moves  one  divi¬ 
sion  on  its  scale. 

Thus  the  secondary  dial  counts 
the  number  of  complete  revolutions 
...  or,  when  used  with  helical  poten¬ 
tiometers,  it  indicates  the  helical  turn 
on  which  the  slider  contact  rests. 


Although  developed  originally 
for  use  with  the  well-known  Helipot 
Potentiometer,  the  duodial  is  readily 
adaptable  to  other  helically-wound 
devices  of  similar  nature,  as  well  as 
to  many  conventional  gear-driven  con¬ 
trols  where  extra  dial  length  is  desired 
without  wasting  panel  space.  Its  com¬ 
pactness  and  simplicity  —  and  unique 
advantage  of  providing  an  accurate 
rotational  indication  from  a  minute 
fraction  of  a  turn  through  as  many  as 
40  full  turns  —  make  the  duodial  in¬ 
valuable  for  many  applications  where 
maximum  dial  accuracy  is  essential. 

Complete  information  on  the  duodial 
can  be  secured  from  your  nearest  Heli¬ 
pot  representative  ...  or  write  direct. 


THE  HELIPOT  CORPORATIOH 

1011  MISSION  STREET.  SOUTH  PASADENA- 2,  CALIFORNIA 


IMPORTANT  DUODIAL  FEATURES 

^  Th«  DUODIAL  conloint  only  two  moving  parti.  Moch- 
anlcol  woar  and  oporating  torqua  aro  roducod  to  an 
abioluto  minimum,  aiiuring  long,  troublo-froo  lifo. 
All  parti.  Including  knob  itiolf,  oro  mad#  ontiroly  of 
motal  for  maximum  itrongth  and  durability. 

k  Tho  primary  icalo,  which  indicotoi  angular  poii- 
tion,  ii  an  integral  part  of  tho  knob,  and,  by  moani 
of  a  lot-icrow,  ii  rigidly  affixed  to  the  ihaft  of  tho 
driven  device.  Thui,  in  controit  to  moit  turni-indicat- 
ing  mochaniimi,  the  icolo  roodingi  are  net  lubioct  to 
error  from  bocklaih  of  intornol  goon.  For  maximum 
convonionco  in  making  decimal  netalioni,  thii  dial 
ii  graduolod  0  to  100. 

k  Tho  DUODIAL  cannot  bo  damagod  through  jamming 
of  tho  drivon  unit,  or  by  forcing  beyond  any  mech¬ 
anical  itopi.  Tho  dial  can  readily  bo  uiod  with 
power-driven  dovicoi,  bocouio,  duo  to  tho  obionco  of 
worm  goon.  It  con  bo  operated  from  either  tho  ihofl 
or  knob  end. 

k  The  DUODIAL  ii  currently  available  in  turni-ratiei 
of  lOil,  ISil,  25i1  and  40:1  (ratio  between  primary 
and  lecendary  diali) .  Other  ratioi  can  be  provided 
on  ipeciol  order.  The  10:1  ratio  DUODIAL  con  be 
readily  employed  with  devicei  operating  fewer  than 
ten  revolutioni  and  ii  recommended  for  tho  Model  C 
three-turn  Beckman  Helipot.  All  rotio-typei  oro  iden¬ 
tical  in  lize  and  appearance  except  for  the  numbering 
of  the  lecondary  (turni-indicaling)  dial. 

k  The  DUODIAL  it  dexigned  for  mounting  directly  on 
Vi*  diometor  round  ihaft,  and  in  all  tizei  the  pri¬ 
mary  dial  and  shaft  operate  with  a  1i1  ratio. 

*  Range  for  40:1  ratio  DUODIAL. 
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TUBES  AT  WORK  (conttnuad) 

since  the  linear  travel  of  the  car¬ 
riage  is  0.5  inch  per  minute. 

Fairchild  expects  to  get  into 
quantity  production  of  the  engrav¬ 
ers  early  in  1948,  after  thorough  - 
field  testing  which  will  be  done  in 
newspaper  offices  ranging  from  a 
weekly  .shop  to  a  large  plant. 


Electronic  Oven  for 
Frozen  Foodg 

An  electronic  oven,  for  use  in 
eating  places  that  serve  hot  pre¬ 
cooked  frozen  meals,  heats  these 
meals  in  about  75  seconds  to  an 
average  temperature  of  160  F.  En¬ 
gineers  in  the  transmitter  division 
of  General  Electric  Electronics  De¬ 
partment  have  been  eating  pre¬ 
cooked  frozen  meals  in  their  experi¬ 
ments  with  the  oven.  Such  meals 
have  included  Swiss  steak  with 
gravy,  potatoes  and  lima  beans ; 
roast  sliced  lamb  with  gravy,  po¬ 
tato  patty  and  lima  beans;  sliced 
turkey  with  mashed  sweet  potatoes 
and  peas  with  butter  sauce;  beef 
pot  roast  with  peas  and  potato 
patty. 

Operating  in  the  microwave  re¬ 
gion  the  oven  is  similar  to  the  elec¬ 
tronic  canteen  which  the  company 
has  produced  for  heating  hot  dogs, 
hamburgers  and  cheese  sandwiches. 
The  power  required  to  operate  the 


After  being  unwrapped,  the  frozen  food 
packets  are  put  into  a  partitioned  tray, 
inserted  in  the  oven,  and  heated  for  about 
one  minute.  During  that  time,  the  tray 
revolves  slowly  in  the  microwave  r-f  field 
for  uniform  heating 
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You  Need 


IF  high  vacuum  plays  any  part  in  your  plans,  you’ll 
want  this  DPI  catalog  within  your  reach.  In 
precise  engineering  terms  it  gives  the  physical,  the 
operation,  and  the  installation  data  on  the  latest 
high  vacuum  equipment.  It  covers  glass  pumps, 
metal  pumps,  vacuum  chambers,  gauges,  coating 
units,  greases  and  oils,  and  complete  equipment  for 
the  high  vacuum  field. 


WHtm  for  your  copy  of 

“High  Vacuum  Equipment* 


THIS  BOOK! 


This  handsomely  bound  loose-leaf  high  vacuum 
equipment  catalog  will  be  forwarded  free  upon 
your  request — and  thereafter  you  will  automatically 
receive  new  pages  whenever  new  equipment  is  an¬ 
nounced  or  changes  made  in  present  models.  The 
catalog  will  not  only  bring  you  up  to  date  but  keep 
you  continuously  informed  on  all  DPI  develop¬ 
ments  in  high  vacuum  equipment. 


Vacuum  Equipment  Division 


DISTILLATION  PRODUCTS, 

Rochester  13,  N.  Y. 


i] 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


90  West  St.,  New  York  6 


920  S.  Michigan  Ave.,  Chicago  5 


950  N.  Highland  Ave.,  Los  Angeles  38 


TO  PRODUCE 


THE  MOST 


EFFICIENT 


DESIGN 


The  engineer  in  the  photograph  above  is  using  the  G-R 
STROBOTAC*  and  STROBOLUX*  to  check  the  action  of 
the  Distribulator  of  a  Eureka  Williams  Corporation  vacuum 
cleaner. 

A  transparent  covering  was  placed  over  an  opening  in  the 
front  of  the  cleaner  housing.  With  the  STROBOTAC  and 
the  STROBOLUX  the  action  of  the  Distribulator  bristles 
can  be  studied  while  the  cleaner  is  running  at  normal  speed. 
Motion  can  be  stopped,  or  the  cleaner  can  be  made  to  appear 
to  operate  in  s-l-o-w  motion  ....  as  slow  as  a  fraction  of  an 
rpm  if  desired. 

Thus  the  flexing  of  the  bristles  and  their  action  as  they 
penetrate  the  rug  fibers  can  be  studied  .  .  .  the  wave  created 
in  the  rug  by  the  short,  stiff  beating  bristles  can  be  analyzed. 
These  observations  enabled  Eureka  Williams  "to  produce  the 
most  efficient  design  by  determining  the  proper  type  of  bris¬ 
tles,  the  correct  length  and  proper  spacing.” 

Thousands  of  other  machine  and  equipment  manufacturers 
have  been  able  to  study  the  operation  of  their  products  in  the 
laboratory,  on  the  experimental  bench,  and  in  production, 
with  the  STROBOTAC  and  the  STROBOLUX. 

Whenever  motion  in  machinery  needs  to  be  stopped  .  .  . 
whenever  you  wish  you  could  see  what  happens  in  your 
equipment  in  s-l-o-w  motion,  think  of  these  G-R  stroboscopic 
devices  ...  the  STROBOTAC  and  the  STROBOLUX  .  .  . 
they  may  be  of  surprisingly  great  help  to  you. 

WRITE  FOR  “EYES  FOR  INDUSTRY” _ it  tells 

what  the  STROBOTAC  and  the  STROBOLUX  are, 
how  they  operate,  and  what  they  do. 


STROBOLUX  Test 


In  taint,  loo,  Ihote  tlrobotcopet  help.  Here 
Eureka  Williomt  CorporoKon  ute  Ihe  STROSOlUX 
ol  ditiribufor  and  dealer  meelingt  to  dem. 
omtrate  Ihe  action  of  the  bruth  on  the  carpet. 
You  con  t^e-e  how  it  workt. 

•Re«.  a  S.  Pot.  Off. 


The  Type  631-B  STROBOTAC 
ttopt  motion  up  to  at  fott  at 
100,000  rpm.  In  addition  it  it  o 
direcl'.reoding  electrical  toch. 
ometer  colibroted  in  rpm  from 
600  to  14,400.  lit  price; 
SI  25.00. 

The  Type  648-A  STROBOLUX 
it  on  ouxiliory  unit  uted  only 
with  Ihe  STROBOTAC  to  increote 
ill  light  output  by  100  timet.  It 
h  uteful  for  photography  or 
where  exterior  lighting  condi* 
tiont  ore  unfavorable.  Price; 
S20S.0O. 
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high  stability- 
close  tolerance 


TUBES  AT  WORK  (contlnuadj 

new  unit  is  the  same  as  that  used 
for  a  domestic  electric  range. 

In  appearance,  the  complete  unit 
resembles  a  small  domestic  refrig¬ 
erator.  Meals  are  passed  to  the 
oven  through  a  small  aluminum 
door  near  the  top. 

As  shown  in  the  photo,  an  on-off 
switch  and  a  small  indicator  lamp 
to  show  if  the  oven  is  ready  to  op¬ 
erate  are  located  at  the  upper  left. 
A  timeV-dial  and  another  indicator 
lamp  to  show  if  the  high-frequency 
radio  power  is  on  are  at  the  upper 
right.  The  timer-dial  can  be  set  to 
provide  the  required  heating  period. 

After  the  unit  has  been  turned 
on  for  the  day’s  operation,  the  op¬ 
erator  places  the  precooked  food 
in  the  heating  cavity  near  the  top 
of  cabinet  and  closes  the  door  by 
stepping  on  a  bar  near  the  bottom 
of  the  unit.  The  high-frequency 
power  goes  on  automatically  and 
later  is  turned  off  by  the  timer. 
When  the  power  shuts  off,  the  door 
opens  automatically,  and  the  meal 
is  ready  to  eat. 

The  electronic  oven  is  being  op¬ 
erated  in  tests  at  Maxson  Food 
Systems,  Inc.  of  New  York  City, 
and  until  field  tests  have  been  com¬ 
pleted  it  is  not  planned  to  produce 
the  equipment  in  large  quantities. 


B-r  ciRCuns 

llg-u*  wc. 


Here's  the  problem:  “The  frequency  steil  not  deviate  more  than  0.003% 
from  the  nominal  frequency  over  the  specified  temperature  range.  This 
tolerance  is  inclusive  of  the  calibration  error  allowed.”  These  were  the 
specifications  given  by  Collins  Radio  Company,  Cedar  Rapids,  Iowa. 

Here's  the  solution :  This  specially  developed  CR-7— high  stability,  close 
tolerance  Hunt  Crystal  Unit  — operating  over  a  temperature  range  of  —30° 
Centigrade  to  +70°  Centigrade  covering  a  band  from  13.466666MC  to 
15.466666MC  on  fundamental  operation  . 


Q-Meter  Control  for 
Power  Losses 

In  the  high  frequencies,  electron 
tubes  display  power  losses  which 
vary  from  tube  to  tube  even  though 
all  the  conventional  electrical  char¬ 
acteristics  accurately  represent 
their  correct  nominal  values.  Such 
losses  can  often  be  traced  to  minute 
deposits  of  metallic  oxides  on  the 
insides  of  the  glass  blanks  and 
Eitel-McCullough,  Inc.  has  estab¬ 
lished  routine  tests  for  detecting 
tubes  bearing  the  power  dissipating 
deposits. 

As  shown  in  the  accompanying 
illustration,  tubes  to  be  examined 
are  snapped  into  a  suitable  fixture 
which  shorts  together  all  elements 
except  the  anode  for  one  side  of 
the  circuit  and  connects  to  the 
anode  for  the  other.  Thus  the  meter 
is  measuring  Q  directly  across  the 
glass  blank.  A  conventional  Q 
meter  is  utilized  and  production 
limits  are  established  empirically 


COLLINS  RADIO  COMPANY  developed  the  51M>series, 
VHP  ground  station  receivers.  Illustrated  above  is  the 
Drift  Cancelled  Os<.^llator  Circuit,  exclusive  with  Collins, 
employed  with  these  receivers. 

To  assure  the  remarkable  stability  of  this  receiver  an  ex¬ 
ceptionally  stable  crystal  was  essential . . .  Collins  turned 
to  The  Hunt  Corporation  — maker  of  high  stability,  close 
tolerance,  precision  crystals. 

'  You,  too,  can  get  better  results  for  a  longer 
time  by  building  your  circuit  around  Hunt 
f  Crystals.  Let  our  engineers  and  crystal  tech¬ 

nicians  help  you  with  your  set . . .  call  us  today. 


CORPORATION 


CARLISLE,  PA 
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HERE  INTERNAL  LOCK  WASHERS  ARE  REQUIRED,  SPECIFY 


SEMS  SHAKEPROOF 


TO  ROTATE 


kI  to 
allic- 
dard 
at  oi 
ypes 


AND  LOCK! 


REATER  LINE  BITE  ASSURES 
lAXIMUM  LOCKING  EFFICIENCY! 


addition  to  the  important  cost  savings  secured  with  pre-assembled 
ishers  and  screws  and  the  well  known  features  of  Shakeproof  lock 
'.hers,  sems  by  Shakeproof  provide  other  special  advantages 
ch  assure  better  fastening  results.  By  making  the  internal  diam- 
ir  of  the  internal  type  toothed  washer  smaller  than  the  diameter 
the  screw  thread  the  lock  washer  is  held  on  the  screw  by  its  teeth 
I  is  free  to  rotate  and  lock.  When  separate  washers  and  screws 
t  used,  the  washer  has  to  have  an  internal  diameter  larger  than 
!  diameter  of  the  screw  thread.  This  means  that  the  teeth  of  the 
erfiol  type  lock  washer  on  a  sems  by  Shakeproof  are  longer  for 
I  same  overall  washer  diameter  and  thus  have  greater  contact 
the  clamping  surface  of  the  screw  head  and  consequently 
I  locking  power. 

>0,  because  the  lock  washer  is  held  on  the  screw  so  that  it  is  free 
rotate,  the  line-bite  of  each  locking  tooth  is  utilized  to  its  full 
icicficy.  As  the  screw  is  driven  home  the  teeth  are  positioned  con- 
:  trie  with  the  screw.  There  is  no  opportunity  for  canting  or  buckling 
d  thus  full  locking  action  starts  at  the  instant  of  contact. 

«!ify  this  efficient,  cost-saving  fastener  unit  —  write  for  complete 
aineering  data  on  sems  by  Shakeproof! 


These  illustrailpns  of  screw  and  work  piece  show  the 
line-bite  of  the  lock  washer  teeth.  The  washer  has  been 
cut  away  from  the  screw  to  show  how  the  bite  marks 
cioseiy  approach  the  unthreaded  portion  of  the  screw 
shank  proving  greater  locking  contact.  Also,  note  ab* 
sence  of  any  trace  of  milling  action. 
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LOOSE 

LOCK  WASHER 
AND  SCREW 


SEMS 

BY 

SHAKEPROOF 


This  combination  cross  section  view  diows  a  compari¬ 
son  between  sems  by  Shakeproof  and  a  washer  put  on 
a  screw  after  the  thread  is  rolled.  Note  the  smaller 
internal  diameter  of  the  lock  washer  on  the  sems  with 
the  thread  holding  the  lock  washer  on  the  screw  by  its 
teeth.  Also,  observe  how  maximum  tooth  engogement 
with  minimum  overall  washer  diameter  is  assured. 


voided 
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Divlsioh  of  ILLINOIS  TOOL  WORKS 
2S01  North  Keeler  Avenue,  Chicago  39,  Illinois 
Offices  in  Principal  Cities 
Plants  at  Chicago  and  Elgin,  Illinois 
In  Canada:  Canada  Illinois  Tools,  Ltd.,  Toronto,  Ontario 


ONICS 


Type  4-125A«Eimac  tetrode  U  tublected  to 
production  test  for  loss-creating  metallic- 
oxide  deposit  inside  envelope.  Standard 
Q  meter  has  proTision  for  attachment  of 
series  of  fixtures  for  rarioiu  tube  types 


by  determination  of  power-output 
decrease.  Different  tube  types, 
therefore,  exhibit  different  read¬ 
ings.  Measurements  are  made  at 
approximately  55  megacycles. 


Extending  Frequency  Range 
Of  Pen-Type  Recorders 


by  H.  S.  Hemstreet 

Research  Engineering  Department 
Firestone  Tire  and  Rubbe  r  Co. 
Akron,  Ohio 


With  this  instrument  it  Is  possible  to  quickly  and  accurately 
analyze  and  service  equipment  in  different  locations  without 
fuss  in  time  consuming  demounting  and  transportation  of 
apparatus.  It  will  thus  pay  for  Itself  in  a  short  time  and  no 
modern  radio  station  can  afford  to  be  without  it.  It  can  also 
be  used  to  good  advantage  in  factory  checking  and  inspec¬ 
tion  of  audio  equipment. 


and  R.  G.  Hill 

Test  Engineer 
Electronics  Laboratory 
The  Olenn  L.  Martin  Company 
Baltimore,  i/d. 


The  set  combines  in  a  modern  efficient  manner  an  accurate 
vacuum  tube  voltmeter,  an  audio  oscillator  with  four  fixed 
frequencies  and  a  precision  attenuator  all  mounted  in  a 
handy  cabinet  easily  carried  by  the  operator. 


•  GAINi  Up  to  80  db. 

•  lOSSi  60  db.  maximum. 

•  VACUUM  TUBE  VOlTMEnR: 

Bongo— 40  to  +40  db. 
(1  mv.  rot.  lovol) 

•  AUDIO  OSClUATOBi 

Eroq.  Bongoj  100  to 

10.000. 


•  PBECISION  ATTENUATOB: 

not  to  20  KCi  93  db. 
in  J  db.  stops. 

•  DIMENSIONS: 

10%-  X  16%-  s  i%- 

•  WEIGHT:  30  lbs. 

•  INPUT:  115  Volts. 

60  cyclos.  70  wotts. 


Pen  recorders  in  general  use  may 
be  classified  broadly  as  a-c  and  d-c 
types,  depending  on  the  kind  of 
signal  applied  to  the  penmotor. 
Those  that  respond  to  d-c  signals 
have  the  disadvantage  of  zero  drift 
common  to  nearly  all  systems  using 
d-c  amplifiers  and  poor  frequency 
and  transient  responses.  Within 
these  limits,  varying  d-c  voltages 
and  currents  may  be  recorded.  The 
amplitudes  of  a-c  voltages  and  cur¬ 
rents  may  also  be  recorded  if  recti¬ 
fied  to  produce  d-c  signals  to  which 
the  recorder  will  respond.  Addi¬ 
tional  inaccuracies  are  introduced, 
however,  in  the  time  delay  and  av¬ 
eraging  characteristics  of  the 
rectifier. 

These  difficulties  can  be  avoided 
by  using  the  type  of  recorder  which 
responds  directly  to  a-c  signals. 
Since  the  actual  a-c  voltage  is  re¬ 
corded,  there  is  no  zero-drift  prob- 
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•TfaJcfnarks  Reg  U.  S.  P^<  Of 


Sprague  *1  Midget  |  Capacitors  are  the  first  small  size  paper 
dielectric  tubulars  to  operate  dependably  at  85 ®C.,  to  have  adequate 
humidity  protection,  and  to  be  priced  for  widespread  use  in  small 
radios  and  other  electronic  equipment.  Made  by  new  processes  and 
of  new  materials,  they  are  a  direct  result  of  Sprague  experience  In 
engineering  reliable  capacitors  for  the  proximity  fuse  and  other 
small  wartime  electronic  assemblies.  Write  for  Sprague  Data  Bul¬ 
letin  202.  Samples  gladly  submitted  to  your  specifications. 

SPRAGUE  ElECTRIC  COMPANY,  NORTH  ADAMS,  MASS. 
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FREQUENCY  IN  CYCLES 


FIG.  1 — Response  oi  pen  recorder  with 
constant  input  Yoltage 


lem.  In  addition  to  this  increased 
long  time  accuracy,  the  frequency 
and  transient  responses  of  a-c  am¬ 
plifiers  can  be  made  superior  to  that 
of  d-c  amplifiers.  The  dynamic 
friction  of  the  a-c  penmotor  is  less 
than  the  static  friction  encountered 
with  d-c  systems. 

Penmotors  responding  to  a-c 
signals  have  a  limited  frequency 
response  which  nullifies  their  ad¬ 
vantages  when  used  for  frequencies 
higher  than  about  120  cycles  (see 
Fig.  1).  This  difficulty  can  be  sur¬ 
mounted  by  converting  the  signal 
to  a  lower  frequency  which  falls 
well  within  the  upper  limit  to  which 
the  penmotor  can  respond.  This 
conversion  can  be  accomplished  by 
beating  the  signal  against  a  refer¬ 
ence  signal  and  this  method  was 
used  to  record  400-cycle  voltages 
which  were  amplitude  modulated  at 
0  to  30  cycles. 

A  block  diagram  of  the  final  con¬ 
verter  is  shown  in  Fig.  2.  The  400- 
cycle  signal  is  fed  in  series  with  the 
reference,  460  cycles,  to  a  diode 
mixer.  The  beat  of  60  cycles  to¬ 
gether  with  the  Undesired  fre- 


ADLAKE  RELAYS 

FOR  THESE  /*P-*-Z/  LIGHTS! 


You  can  always  depend  on  Adlake  Mer¬ 
cury  Relays  to  keep  things  running 
smoothly— from  traffic  lights  to  biurglar 
alarms  and  hundreds  of  other  convenient 
applications. 

Whatever  you  may  need  in  relays — 
either  time  delay  or  quick  acting — you 
can  get  all  these  plus  advantages  only  in 
Adlake  Plunger-Type  Mercury  Relays: 

•  Hermetically  sealed  (dust,  dirt,  moisture, 
oxidation  and  temperature  changes  can't 
interfere  with  operation)  •  Mercury-to- 
mercury  contact  (prevents  burning,  pitting 
and  sticking)  •  Silent  and  chatterless  •  Ab¬ 
solutely  safe  •  Requires  no  maintenance  • 
Armored  against  impact  and  vibration. 

If  there’s  a  relay  job  you  want  done, 
write  today  for  free,  illustrated  Adlake 
Relay  folder.  No  obligation,  of  coiurse. 
Address:  The  Adams  &  Westlake  Com¬ 
pany,  1107  N.  Michigan,  Elkhart,  Indiana. 
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ADLAKE  RELAY  MODEL  NO.  1040 


TRIOOE 

AMPLIFIER 
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DIODE 

MIXER 


400a/ SIGNAL 


460a/ 

REFERENCE 

VOLTAGE 


PENMOTOR 

AMPLIFIER 


PENMOTOR 


OUTPO' 


Established  1857  •  ELKHART,  INDIANA  •  New  York  •  Chicago 


Manufocturers  of  Adlake  Hermetically  Sealed  Mercury  Relays  for  Timing,  Load  and  Control  Circuits 


FIG.  2 — Block  diagram  of  the  converter 
system  for  extending  the  frequency  range 
of  a  pen  recorder 
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The  well  balanced  design  of  conductors  and  di¬ 
electric  in  Anaconda  Type  ATV  lead-in  lines  fulfills 
the  exacting  requirements  of  wide-band  reception. 
For  FM  and  television  reception,  these  lead-in  lines 
minimize  the  effects  of  attenuation  and  impedance 
mismatch  — providing  maximum  freedom  from  dis¬ 
tortion. 

Anaconda  offers  to  the  industry  a  wide  selection  of 
Type  ATV  lead-in  lines  for  75, 125, 150  and  300  ohms 
impedance  unshielded  and  150  ohms  shielded— each 
designed  for  a  particular  application.  47ui 


*An  Anaconda  "Trade-Mark 


For  Uniform  Transmission  Characteristics 
Use  Anaconda  High-Frequency  Cable 


Make  Anaconda  your  headquarters  for  high-frequency 
cables.  Write  for  a  useful  folder  containing  electrical  and 
physical  characteristics  of  all  Anaconda  coaxial  cables. 
Also,  ask  for  a  bulletin  on  the  characteristics  of  Type 
ATV  lead-in  lines.  Address:  Anaconda  Wire  and  Cable 
Company,  25  Broadway,  New  York  4,  N.  Y. 
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Keeping  Tone  Conscious  Customers 

Well  Satisfied 


^  Every  Manufacturer 
Keeps  His  Business  Eye 
on  Satisfying  the  Customer 


, . .  that’s  why  Webster  Electric  Tone  Arms  and  Cartridges- 
are  widely  used  on  popular  priced  phono-combinations  and 
record  changers. 

The  Webster  Electric  crystal  cartridge  is  a  uniform  producer 
of  true  tone  quality.  In  addition  to  faithful  reproduction,  they 
are  dependable  and  have  long  life.  Their  past  record  of  per¬ 
formance  insures  their  future  dependable  service. 

The  Webster  Electric  cartridge  has  balanced  construction  that 
produces  maximum  output  at  designated  tracking  pressures — 
with  minimum  distortion  and  minimum  mechanical  reproduc¬ 
tion.  There  are  models  designed  for  sharp  cut-off  at  higher 
frequencies,  while  others  provide  response  over  an  exceptionally 
wide  frequency  range  through  use  of  an  extremely  lightweight 
moving  mass — a  Webster  Electric  development.  Sharp  reso¬ 
nance  peaks  are  avoided  and  efficient  performance  obtained. 

Write  Webster  Electric  Company,  Racine,  Wisconsin,  for  full 
information  and  complete  listing  of  tone  arms  and  cartridges 
that  are  now  available. 

(Licenstd  under  patents  of  the  Brush  Development  Company) 


RACINE 


WISCONSIN 

Kat^lbhed  IMW 

Export  Dopl.  13  E.  40lh  Strool,  Now  Yorii  (16),  N.  Y.  Cable  Addrott  "ARLAB"  Now  York  CHy 
'Wh*re  Quality  U  a  Rasponaibility  and  Fair  Dealing  an  Obligation** 


TUBES  AT  WORK 


(continuod) 

quencies  is  fed  to  a  high-gain 
pentode  amplifier  and  from  there 
to  a  cathode  follower.  A  parallel- 
T  network,  driven  by  the  cathode 
follower,  provides  a  frequency- 
sensitive  negative  feedback  path 
to  the  input  of  the  pentode  ampli¬ 
fier.  Since  the  parallel-T  is  essen¬ 
tially  a  band  rejection  filter,  using 
it  in  a  feedback  network  causes  the 
associated  amplifier  to  have  a  gain 
characteristic  which  is  a  maximum 
at  the  tuned  frequency  of  the 
parallel-T. 

A  parallel-T,  tuned  to  reject  60 
cycles  without  the  RC  filter  was 
first  tried.  It  was  found  that  if  the 
parallel-T  was  made  sufficiently 
sharp  to  r^'ect  the  400-cycle  com¬ 
ponents,  the  desired  flat  bandpass 
for  60,  ±.  30  cycles,  was  lost.  If, 
on  the  other  hand,  the  flat  bandpass 
was  obtained,  the  attentuation  at 
400  cycles  was  not  sufficient.  There¬ 
fore,  the  parallel-T  and  low  pass  RC 
filter  combination  was  selected.  The 
resonant  frequency  of  the  parallel- 
T  was  increased  so  that  the  attenu¬ 
ation  characteristics  would  be  es¬ 
sentially  the  opposite  of  the  RC 
filter  characteristic  in  the  region 
where  a  flat  bandpass  was  desired. 
This  is  illustrated  in  Fig.  3. 
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FIG.  3 — Overall  response  of  the  converter 


The  parallel-T  is  such  that  at  95 
cycles  a  minimum  of  negative  feed¬ 
back  is  applied  to  the  pentode.  As 
the  frequency  departs  from  95 
cycles,  the  amount  of  negative  feed¬ 
back  increases.  Thus  the  pentode 
amplifier,  cathode  follower,  and 
parallel-T  network  function  to  pro¬ 
duce  a  pass  characteristic  which 
has  maximum  gain  at  95  cycles  and 
decreasing  gain  for  higher  or  lower 
frequencies.  The  output  of  the 
cathode  follower  is  fed  to  the  low- 
pass  RC  filter.  This  filter,  operat¬ 
ing  in  conjunction  with  the  preced¬ 
ing  stages,  gives  an  overall  pass 
band  which  is  relatively  flat  from 
30  to  90  cycles. 

The  output  of  the  RC  filter  is  fed 
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TIME  DELAY  ON  OVERLOADS 


Th*  magnet  coil  earronnds  o  hermetie- 
ally  sealed  Bquld  filled  cyUnder  con- 
taiaiag  on  iron  plunger  which  while 
nonnoUy  oat  of  the  mognetic  field 
mores  into  it  on  overloads,  the  liciuid 
controlling  its  speed.  As  the  plunger 
rises  to  the  top  of  the  cyUnder,  the 
magnetic  flux  increases  to  its  moidmum. 
At  this  point  the  ormoture  is  attracted 
and  operates  the  latch. 


lotor 
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HIGH  SPEED  LATCH 

The  armotnre.  on  eii^oging  the  lower 
leg  of  the  lock  (a)  rotates  it  so  thot  the 
tooth  of  the  catch  (b)  passes  through  the 
cut  portion  of  the  lo^  (c)  and  opens  the 
contacts.  Of  all  known  lotches  one 
acts  with  the  least  amount  of  friction 
ond  mechanical  delay.  The  latch  col¬ 
lapses  only  on  short  circuit  or  overload 
conditions  even  If  the  handle  is  pur¬ 
posely  held  in  the  "on"  position. 


HEINEMANK 

/ihaonbtic 

mu  IT  dREAKERS 


They  employ  on  overload  trip  unit  that  is  FULLY  ELECTRO¬ 
MAGNETIC  and  hove  definite  and  instantaneous  trip  points  in¬ 
dependent  of  their  time  delay  characteristics.  The  current  car¬ 
rying  capacity  as  well  as  the  minimum  and  instantaneous  trip 
points  ore  not  aiiected  by  ambient  temperatures.  A  true  inverse 
time  delay  in  the  hermetically  sealed  unit  allows  the  passage 
oi  inrush  current.  However,  continued  overload  opens  the 
breaker  in  time  inverse  to  the  ratio  oi  the  current. 


HIGH  SPEED  BLOWOUT 

Ths  stationary  contact  is  coilsd  around 
on  insulotod  iron  coro  connecting  stool 
plotos  to  form  a  U-shopod  magnot.  On 
overloads  and  short  circuits,  the  current 
flowing  through  the  contact  creates  mag¬ 
netic  lines  which  force  the  arc  into  the 
arcing  chamber  and  blow  it  out.  As  the 
value  of  the  current  to  be  interrupted 
increases,  the  quenching  effect  becomes 
greater  due  to  intensified  magnetic  field. 
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INEMANN  ELECTRIC  COMPANY 

Established  1888 
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FIG.  4 — Ratponte  of  conTorter  and  pen- 
motor  with  the  input  Toltage  held  conetont 


to  a  triode  amplifier  to  bring  the 
signal  to  a  more  convenient  level. 
This  signal  feeds  the  penmotor 
amplifier,  which  in  turn  drives  the 
penmotor,  making  the  recordings. 

The  overall  characteristic  of  the 
converter,  penmotor  amplifier,  and 
penmotor  is  shown  in  Fig.  4.  Am¬ 
plitude  modulation  up  to  20  cycles 
(about  the  60-cycle  carrier),  and 
the  resultant  sidebands,  are  very 
faithfully  recorded.  Sidebands  up 
to  30  cycles  removed  from  the 
carrier  frequency  are  recorded  with 
sufficient  accuracy  for  all  but  the 
most  precise  laboratory  work.  Ac¬ 
tually  the  overall  response  as  shown 
in  Fig.  4  could  be  made  still  more 
flat  by  a  second,  suitably  designed, 
parallel-T  feedback  loop.  Sidebands 
up  to  30  cycles  or  more  could  then 
be  recorded  with  an  extremely 
small  amount  of  distortion.  In  the 
application  for  which  the  converter 
was  originally  designed  the  pass 
band  of  Fig.  4  provided  sufficient 
fidelity,  so  the  second  feedback  loop 
was  not  used. 
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400 /V  INPUT  IN  VOLTS 

FIG.  5 — Linear  relation  between  400-C7cle 
input  and  SO-cycle  input 


The  linear  relation  between  the 
400-cycle  input  voltage  and  the  60- 
cycle  output  voltage  from  the  con¬ 
verter  is  shown  in  Fig.  5.  When 
applying  the  400-cycle  voltage  as 
a  step  function,  the  60-cycle  re¬ 
sponse  is  identical  to  the  record 
obtained  when  a  60-cycle  step  func- 
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Tubes  Find  Iron  in  Ore 

From  McGraw-Hill  World  News 

An  electronic  detector  which 
scans  broken  ore  on  conveyor  belts 
for  tramp  iron  and  trips  the  belt 
automatically,  preventing  damage 
to  crushing  mills,  has  been  devel¬ 
oped  by  Aberfoyle,  Tin,  N.  L.,  at  its 
Rossarden,  Tasmania,  mine.  The 
problem  was  to  devise  a  detector 
that  would  not  respond  to  wolfram 
and  other  wildly  magnetic  ore. 

The  ore  is  made  to  traverse  a 
magnetic  flux  under  an  electromag¬ 
net  which  induces  poles  in  the  core 
limbs  of  a  detector  magnet  under 
the  belt.  As  long  as  ore  passes,  no 
disturbance  of  the  magnetic  flux 
lines  takes  place,  and  no  electromag¬ 
netic  force  is  induced  in  the  detector 
magnet  coils.  But  a  piece  of  iron, 
passing  on  the  belt,  upsets  the  mag¬ 
netic  fleld  and  induces  a  small  elec¬ 
tromagnetic  force  in  the  magnet 
coils. 

This  is  impressed  across  a  grid 
and  cathode  of  a  vacuum  tube  in  a 
three-stage  amplifler,  successively 
amplified,  and  finally  fed  into  the 
relay  circuit  controlling  the  con¬ 
veyor  and  ore  feeder  motors. 

The  detector  operates  on  a  18- 
inch  conveyor  belt  carrying  ore  at  a 
speed  of  200  feet  per  minute.  To 
prevent  too  frequent  tripping  of  the 
motors,  a  small  tramp  iron  magnet 
first  picks  out  all  easily  remov¬ 
able  tramp  iron,  leaving  the  elec¬ 
tronic  detector  to  act  on  deeply  bur¬ 
ied  metal  pieces.  It  is  sensitive 
enough  to  react  on  0.75-inch  iron 
nuts. 


TUBES  AT  WORK  (continued) 


tion  is  applied  directly  to  the  pen- 
motor  amplifier. 

This  converte;^  may  very  con¬ 
veniently  be  used  for  any  audio 
frequency  by  merely  changing  the 
reference  to  maintain  a  60-cycle 
difference  from  the  signal. 

Complete  freedom  from  pickup 
is  afforded  by  electrostatic  shield¬ 
ing  alone.  The  commercial  pen  re- 
cordei'  used  was  Brush  model  BL 
202;  the  penmotor  amplifier  was 
Brush  model  BL  905, 


There  is  enough  magnesium  for 
four  million  Flying  Fortresses  in 
every  cubic  mile  of  sea  water. 
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OUB  CRINKLE  WOUND  resistors  are  designed  especially  for  rela¬ 
tively  low  value  of  resistance  with  a  high  current  carrying 
capacity. 

They  fall  within  the  classification  of  hare  resistors  by  NEMA 
and  Underwriters*  regulations,  permitting  operation  at  a  tem¬ 
perature  rise  of  350  degrees  C. 

The  ribbon  of  resistance  alloy  is  wound  on  edge  upon  the  re¬ 
fractory  tube— the  ends  braised  to  heavy  copper  terminals.  A  vitre¬ 
ous  enamel  covering  anchors  the  turns  securely  and  prevents  move 
ment.  The  result  is  an  unusually  large  area  for  heat  dissipation. 

Units  with  intermediate  taps  are  available.  There  are  5  sizes:  155 
to  420  watts,  from  .125  to  20.0  ohms. 

Hardwick,  Hindle  resistors  and  rheostats  offer  many  exclusive 
advantages.  We  ask  you  to  give  oiur  engineers  an  opportunity  to 
discuss  your  specific  requirements. 


HARDWICK,  HINDLE,  iNC. 

Bheostals  and  Baslatars 


Subsidiary  of 

THE  NATIONAL  LOCK  WASHER  COMPANY 

NEWABK  5,  N.  J.  Established  1886  U.  S.  A. 


NAME . 

COMPANY. 
ADDRESS... 
CITY . 


1  Two  G-E  sintered  ALNICO 
I  bermanent  magnets,  separated 
by  an  aluminum  diaphragm, 
I  function  as  a  leakproof  magnetic 
1  coupling  in  this  gage  to  ac- 
j  curately  indicate  the  level  of  the 
insulating  liquid  in  transform¬ 
ers.  The  rise  or  fall  of  the  float  actuates  the  dial 
pointer  bjr  means  of  the  coupling. 

In  addition  to  the  large  group  of  sintered  and 
cast  ALNICO  permanent  magnets,  General  Electric 
now  offers  you  greater  flexibility  of  magnet  design 
with  the  ductile  alloys  CUNICO,  CUNIFE  and  SIL- 
MANAL  and  the  lightweight,  non-metallic  VECTO- 
LITE.  Be  assured  of  receiving  magnets  of  the  highest 
uniform  quality  resulting  from  precise  G-E  produc¬ 
tion  methods,  accurate  testing  and  rigid  inspection. 


The  Magnets  that  Guard  your  Transformer 
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YOU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNETS 


GENERAL  a  ELECTRIC 


OMT-JAS 


another  euttfanding 
tplicatlon  for  one  of  the  many 


G-i  permanent  magnet  materials 
—the  magnetic  liquid  level  gage 
manufactured  by  The  Sesten  Auto 
Gage  Campany* 


STATE 


Let  us  help  you  with  your  magnet  application 
problems.  General  Electric  engineers,  backed  by 
years  of  research  and  magnet  design  experience, 
are  at  your  service.  Metallurgy  Division,  Chemical 
Dept.,  General  Electric  Co.,  Pitt^eld,  Mass. 


SIND  lOK  our  new  bulletin,  CDM-1,  "0-1  Permanent 
Magnets",  specMcally  designed  to  help  you  with  your 
permanent  magnet  prablems. 

This  bulletin  contains  Information  about  the  chwocterls- 
tlcs  and  properties  of  0-1  permanent  magnet  materials, 
their  application  and  design. 


I  METALLURGY  DIVISION,  Section  PA-S 
I  CHEMICAL  DEPARTMENT 
I  GENERAL  ELECTRIC  COMPANY 
I  PITTSFIELD,  MASS. 


Please  send  me  your  new  bulletin, 
COM- 7,  "G-E  Permanent  Magnets", 


PERMANENT 

MAGNETS 


Foley  silver  washers  and  driers  are  being  used  extensively  in  both 
large  and  small  restaurants  .  .  .  assuring  spotlessly-  clean  silverware. 
The  machine  washes,  rinses  and  sterilizes  300  pieces  of  flatware  in 
three  minutes.  The  complete  washing  cycle  is  controlled  by  a 
Haydon  1600  series  1/6  RPM  shift  motor. 

This  tested  Haydon  application  is  but  one  of  many  .  .  .  each  plays 
an  important  part  in  accurate  and  dependable  timing  for  greater 
operating  efficiency.  Where  multiple  operations  are  required,  the 
Haydon  5800  series  timer  is  outstanding  for  all  around  performance. 
If  it's  about  time,  consult  Haydon  engineers.  Descriptive  catalog 
ovailable  on  request. 

WRITS  HAYDON  2400  FOREST  STREET,  FORESTVILLE,  CONN, 


HAYDON 


MANUFACTURING  COMPANY,  INC. 


FORESTVILLE 


CONNECTICUT 


HARNfSS  TIMl  TO 


YOUR  PRODUCTS 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


ELECTRON  ART 

(continued  from  p  130) 

vantage  is  its  freedom  from  noise 
on  long  circuits  requiring  many 
repeaters. 


Operating  Batteries  at 
Low  Temperatures 

Investigations  into  the  function¬ 
ing  of, small  dry  batteries  at  tem¬ 
peratures  between  -t-  50  and  —  60  C 
by  J.  P.  Schrodt,  D.  N.  Craig,  and 
G.  W.  Vinal  of  the  National  Bu¬ 
reau  of  Standards  indicate  that  sat¬ 
isfactory  operation  can  be  obtained 
at  low  temperatures  by  using  an  al¬ 
ternating  heating  current.  If  the 
battery  is  ho  be  kept  constantly  in 
service,  it  can  be  heated  by  a  small 
alternating  current.  Should  the  bat¬ 
tery  be  used  only  intermittently,  it 
can  be  brought  to  operating  tem¬ 
perature  quickly  by  a  larger  alter¬ 
nating  current.  Discharge  of  the 
battery  through  the  heating  circuit 
can  be  prevented  either  by  inter¬ 
posing  a  capacitor,  a  counter  emf, 
or  by  bucking  the  two  halves  of  the 
battery  against  each  other  in  the 
heating  circuit  (PB  50853). 


Infrasonic  Switching 

Readers  have  commented  on  the 
article  about  infrasonic  switching 
that  was  published  in  these  columns 
(p  214  March  1946).  Briefly  the 
article  by  Angelo  Montani  reported 
experiments  from  which  it  was 
found  that  if  continuous  sounds 
were  chopped  into  time  sequences 
lasting  0.033  seconds  and  separated 
by  0.033  seconds  of  silence,  the 
sounds  were  still  perceived  as  con¬ 
tinuous.  Physiologically  the  phe¬ 
nomena  was  explained  on  the  basis 
that  the  sound  must  exist  for  suffi¬ 
cient  time  to  establish  the  sensa¬ 
tion  of  pitch,  but  that  sufficiently 
short  interruptions  cannot  be  per¬ 
ceived.  The  0.033  period  is  long 
enough  to  establish  a  sensation  of 
pitch  for  frequencies  between  about 
200  and  10,000  cycles  per  second, 
but  not  long  enough  for  the  inter¬ 
ruptions  to  be  noticeable,  being  the 
period  of  a  15  cps  wave,  which  lies 
below  the  normal  audible  lifnit.  The 
phenomena  could  be  applied  to  com¬ 
munication  by  switching  two  chan¬ 
nels  alternately  onto  one  carrier 
either  for  dual  channel  operation  or 
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CTOOO^s  have  distinct  advantages 
over  threaded  nuts  and  lock  washers^ 
and  yet  they  actually  cost  less  1  ( 


Get  hep!  Every  threaded  nut  and  lock  washer 
on  your  product  is  a  potential  cost-saving  spot. 
The  new  C7000  SPEED  NUTS  double  for  washer 

»and  nut,  are  ap¬ 
plied  faster  and 

TINNER 


prevent  vibration  loosening.  Write  today  for  the 
free  sample  box  of  ten  popular  sizes  and  find 
out  for  yourself  why  more  and  more  manufac¬ 
turers  go  modern  by  changing  over  to  SPEED 
NUT  brand  fasteners.  Get  that  letter  off  today. 

MAN  PRODUCTS,  INC. 

2106  FULTON  ROAD,  CLEVELAND  13,  OHIO 

•«  Canada:  Wollaca  Eomai  Co.,  Ud.,  Hamilton,  Ontario 
I"  Inglondi  Simmondt  Aorocastorioi,  Ltd.,  London 
. — In  Franco:  Aorocouoirat  Simmondt,  S.  /L,  Pori* 

In  Aotirolia)  Aorocastoriot,  Pty.  ltd,,  Molbeumo 
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PLASTICS  DO  RIGHT 
BY  IRONRITE 


On  this  outstandingly  successful 
ironer  with  its  proven  ability  to 
iron  even  such  intricate  items  as 
shirts,  plastics  take  a  large  share 
of  the  credit.  The  heat-resistant 
phenolic  feedboard  pre-warms 
and  smoothes  out  the  clothing  as 
it  is  fed  into  the  ironer.  It  is 
comfortable  to  the  touch  be¬ 
cause.  unlike  metal,  it  has  limited 
heat  conduction.  Kurz-Kasch 
engineers  helped  plan  this  feed- 
board,  as  well  as  the  thermostat 
control  housing,  1 1  years  ago. 
Both  moulds  are  still  in  use  after 
repaying  their  costs  many  times. 


flasfie  pipe^raams 
dot#  lasf  11  Mars ! 
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se  plastics  where  plastics  can  definitely  help  your  product,  as  on 
this  phenolic  feedboard  for  an  electric  ironer.  We’re  still  turning 
these  out — just  as  sound,  salesworthy,  and  efficient  as  on  the  day  it 
was  engineered  1 1  years  ago.  Here  is  an  excellent  example  of  the 
economies  inherent  in  a  good  application  of  plastics  coupled  with 
a  forward-looking  design,  back-stopped  by  superior  mould-making 
for  years  and  years  of  low  cost  service. 

We  maintain  that  the  future  of  the  plastics  industry  rests  on 
applications  such  as  these,  and  not  on  the  Sunday-supplement  or 
pipe-dream  kind  of  application  that  helps  neither  user  nor  moulder 
— the  kind  developed  by  wartime  shortages  or  over-enthusiasm. 

If  you’re  interested  in  planning  advantageous  use  of  plastics 
through  the  years  ahead,  Kurz-Kasch  development  engineers  are 
at  your  service  now. 


FOR  OVER  31  YEARS  PLANNERS  AND  MOULDERS  IN  PLASTICS 


Kwrs>Kasch,  Inc.  •  1  425  Snnili  ■rnadway  •  Daytnn  I#  Obln 

Branch  Sales  Offices:  New  York  *  Chicago  *  Detroit  •  let  Angeles  s  Dallas 
St.  Louis  *  Toronto,  Canada  *  fxport  Offices;  89  Bread  Street,  New  VoHi  City 


ELECTRONICS 
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for  two-way  communication  over 
one  carrier. 


Andrew  “KNOW-H 
in  FM  makes  W-I- 
jechnkally  outstan 


Readers  Reply 

Several  readers  expressed  doubts 
about  the  existence  of  a  persistence 
of  hearing.  In  the  hope  of  reconcil¬ 
ing  the  conflicting  interpretations, 
an  experiment  was  planned  to  du¬ 
plicate  Dr.  Montani’s  measure- 
mentg.  However,  it  was  impossible 
with  the  laboratory  facilities  avail¬ 
able  to  arrange  a  sound  source 
(loudspeaker  or  earphone)  that 
would  abruptly  switch  on  and  off 
(as  observed  under  stroboscopic 
light).  Furthermore  it  became  evi¬ 
dent  from  observing  the  sound  from 
a  monitoring  microphone  that  the 
experiments  would  have  to  be  con¬ 
ducted  in  a  completely  sound  ab¬ 
sorbing  room  to  avoid  reverbera¬ 
tion.  It  was  also  evident  that,  to 
adequately  interpret  the  results, 
some  study  and  search  of  collateral 
literature  would  be  necessary  to 
determine  how  much  of  the  appar¬ 
ent  persistence  of  hearing  was  due 
to  hangover  of  the  eardrum  and  as¬ 
sociated  mechanical  elements  of  the 
ear  and  how  much  was  due  to  re¬ 
sponse-relaxation  time  of  the  aural 
nerves.  These  considerations  are 
reviewed  here  to  indicate  what  fac¬ 
tors  need  further  experimental  in¬ 
vestigation. 

Readers  pointed  out  other  diffi- 
The  substance  of  their 


NAFZGER,  I-ESTER  H. 

station.  WELD  In 

te^nically  outstanding  i^lT  * 

The  entire  rro..  •  ?  *"*faRation. 

supplied  by  Andrew*  r'“" 

'X'ELD  with  the  r.5“'  bp 

Andrew  E„gi„„4.  “‘‘illed 

«n  solving  your  FM  prob]7miT 


ANDREIS 
cover  removed, 
traHsmission  liner-^ 

ANDREW  CO, 

•  Duplicate  3%"  FM 

Pansion  ;-•  *  - 

all  httiags, 

•  Horizontal 
WELD 

•  Auxili 


-  J  expansion  joints. 

equipment  at  welc 

(EM)  lroin“wBNl"(AM)’°’“''“® 
•  A«m^To  w/d  *™“- 
WCSSi: 


culties, 

comments  and  those  of  the  author, 
whom  we  invited  to  elaborate  on 
his  short  original  note,  appear  be¬ 
low. 

“Some  time  ago  I  experimented 
. .  .  with  both  squarewaves  and  sine- 
waves  from  the  infrasonic  to  the 
ultrasonic  . . .  until  I  was  blue  in  the 
face.  The  results  in  the  infrasonic 
range  were  uniformly  intolerable. 
The  ear  is  not  easy  to  fool  .  .  .  per¬ 
haps  the  nine-foot  tube  that  Dr. 
Montani  used  in  his  experiment  ac¬ 
counts  for  his  results.  My  earlier 
experiments,  performed  with  the 
same  applications  in  view,  proved 
to  my  satisfaction  that  it  is  not 
possible  to  chop  up  sound  at  any 
audible  or  subaudible  frequency 
without  introducing  intolerable  dis¬ 
tortion. 

“My  experiment  consisted  of  fix¬ 
ing  a  semicircle  of  copper  to  the 
wheel  of  a  hand-operated  grinder, 
arranging  a  spring  contact  to  bear 
on  it  (forming  a  crude  commutator) 
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|>T«E  Resistors  are  reliable  because  of  their  inherent  quality — in 
design,  materials  and  construction.  The  purest  resistance  wires  obtain¬ 
able  are  uniformly  wound  on  a  ceramic  tube,  tied  to  terminals  and  sil- 
ver  soldered  for  a  permanent  positive  connection.  Then  the  resistor 
is  locked  and  sealed  with  a  coating  of  baked  enamel.  This  blue  black 
vitreous  enamel  produces  a  moisture  repellent  surface  with  high  heat 
dissipation. 

I-T-E  Resistors  are  made  fixed  or  adjustable,  standard  or  special. 
These  resistors  are  constructed  to  very  close  tolerances  to  meet  critical 
conditions  of  atmosphere  and  usage.  They  are  available  in  a  number 
of  sizes,  types  and  ratings  to  meet  almost  any  requirements.  Different 
types  of  terminals  are  also  available  to  meet  various  applications. 

Complete  information  on  I-T-E  Power  Wire  Wound  Resistors,  their 
uses  and  applications,  derating  and  size  selection,  together  with  photo¬ 
graphs  of  each  type  and  tables  of  values,  is  contained  in  the  Resistor 
Catalog.  Write  today  for  your  copy. 


Ratings  ot  ratitlors  range  from  2  to  215 
watts  in  fixed  and  adjustable  types  and 
from  30  to  75  watts  in  oval  types. 
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and  connecting  the  terminals  across 
the  voicecoil  of  a  radio  loudspeaker. 
By  turning  the  crank  I  was  able  to 
modulate  the  radio  program  at  a 
variable  low  frequency.  What  hap¬ 
pened  to  voices  shouldn’t  happen 
to  a  dog.  I  have  since  confirmed  this 
result  using  electronic  modulation. 
Switching  of  speech  at  any  low  fre¬ 
quency  gave  abnormal  results,  the 
sounds  being  completely  unintelligi¬ 
ble.  At  higher  frequencies  (100- 
1,000  cps)  voices  could  be  under¬ 
stood;  at  higher  frequencies  the 
modulation  frequency  is  annoying. 
I  have  since  confined  my  efforts 
in  this  line  to  the  ultrasonic  region 
where  the  technique  is  theoretically 
possible  but  where  the  practical  dif¬ 
ficulties  are* considerable.”  (signed) 
John  R.  Cooney,  Waldoboro,  Maine, 
March  4,  1946. 

“Before  making  any  statement 
about  a  persistence  of  aural  image, 
a  more  carefully  considered  experi¬ 
ment  than  that  reported  by  the 
author  would  be  necessary.  For  ex¬ 
ample,  consider  the  results  ob¬ 
tained.  At  1,000  cps  the  minimum 
duration  necessary  for  the  tone  to 
generate  the  physiological  sensa¬ 
tion  of  pitch  was  found  by  him  to 
be  0.012  second.  There  is  then  a 
1,000  cps  wave  for  0.012  seconds  fol¬ 
lowed  by  a  pause  of  0.012  second, 
these  pulses  of  tone  and  silence  re¬ 
peating  themselves  as  a  regular  se¬ 
quence.  If  the  sequence  is  expanded 
as  a  Fourier  series,  the  terms  will 
be  of  the  form 


dirt,  specks,  pin-holes  and  other  im¬ 
perfections  have  made  Arkwright 
Tracing  Cloth  the  choice  of  experi¬ 
enced  draftsmen  for  over  twenty 
years.  That’s  a  record  you’d  do  well 
to  look  into,  and  learn  for  yourself 
the  "reasons  why”.  For  free  samples 
of  Arkwright  Tracing  Cloth  write  — 
right  now  -  to  Arkwright  Finishing 
Company,  Providence,  R.  I. 


An  eraser  is  an  important  part  of 
any  draftsman’s  equipment.  But  an 
eraser  can  do  plenty  of  damage  to 
your  drawings  if  ^lines  feather  when 
you  re-ink  over  an  erasure.  That’s 
why  Arkwright  Tracing  Cloth  is 
made  to  stand  erasures  and  still  take 
clear  sharp  lines  in  pencil  or  ink. 

High,  permanent  transparency, 
greater  strength,  and  freedom  from 


sin2x42(  + 


“This  is,  in  effect,  a  continuous 
note  of  the  original  frequency 
(1,000  cps)  but  at  half  amplitude 
plus  a  series  of  notes  of  958,  1,042, 
874,  1,126  . . .  cps,  in  decreasing  am¬ 
plitude.  This  spectrum  of  notes 
consists  of  a  continuous  fundamen¬ 
tal  with  additional  notes  approxi¬ 
mately  a  semitone,  a  tone,  a  third, 
.  .  .  away  from  the  fundamental.  It 
is  reasonable  to  suppose  that  such 
a  series  of  tones  would  give  the 
physiological  sensation  of  pitch,  but 
it  has  not  been  proved  that  there 
is  persistence  of  aural  image.  We 
are  dubious  of  the  physiological  de¬ 
ductions  made  in  the  article. 

“However,  we  are  under  no 
doubts  as  to  the  validity  of  the  ex¬ 
tension  of  the  phenomena  to  realiz- 


TRACING  f  CLOTHS 


AMiRiCA*$  STANDARO  FOR  OViR  20  YEARS 
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Courlmsf  HURLEY  Machine  Division,  makers  of  GIAOIRONS 

WHY  ARE  CORNISH  WIRE  PRODUCTS  SPECIFIED  BY  THIS 
LARGE  MANUFACTURER  OF  IRONING  MACHINES? 

Because  their  ENGINEERING  Department  knows  by  test  that 
they  will  give  faithful  and  enduring  performance  .  .  . 

Because  their  PRODUCTION  Department  finds  that  they 
have  those  qualities  essential  for  quick  installation  on 
their  assembly  line  .  .  . 

Because  their  PURCHASING  Department  realizes  that  these 
Quality  Products,  backed  by  dependable  service,  are 
sold  at  prices  that  spell  true  economy  .  .  . 


CORNISH  WIRE  CO.,  k 

15  Park  Row  •  New  York  City,  7 


ELeCTRON  ART  (continutd) 

ing  the  communication  engineer’s 
di'eam  of  obtaining  two  channels 
in  the  spectrum  hitherto  required 
for  one.  In  such  a’dual  channel  sys 
tern  as  described  in  the  article, 
every  speech  frequency  is  reduced 
to  half  amplitude  and  a  very  wide 
band  of  spurious  frequencies  (the 
original  frequencies  plus  and  minus 
15,  45,  75  .  .  .  cps)  is  added.  Al¬ 
though.  this  distortion  may  not 
make  speech  unintelligible,  it  is 
sufficient  to  make  it  objectionable. 
Furthermore,  for  the  two-way  sys¬ 
tem  to  operate  it  must  be  free  from 
distortion,  phase  delay,  and  time 
delay  between  microphone  and  loud¬ 
speaker,  which  limits  it  to  relatively 
short  distances  between  terminals,” 
(signed)  J.  H.  Holmes  and  A.  B. 
Shone,  East  Stour,  Dorset,  England, 
July  3,  1946. 

“I  should  like  to  know  whether 
someone  can  furnish  a  detailed  dia¬ 
gram  giving  values  of  all  compo¬ 
nents  for  an  intercommunication 
system  of  the  type  described  which 
is  known  to  work?”  (signed)  I. 
Gelles,  Philadelphia,  Pa.,  July  8, 
1946. 

Uchiiftal 

These  comments  were  referred  to 
the  author  who  supplied  the  follow¬ 
ing  additional  material.  “The  ro¬ 
tating  shutter  has  to  be  silent  and 
positioned  in  such  a  way  that  no 
transients  occur  when  opening  and 
closing  the  mouth  of  the  tube,  other- 
wi.se  parasitic  freEpiencies,  which 
fall  in  the  audible  range,  will  be 
superimposed  on  the  intelligence. 

“Although  the  tube  was  nine  feet 
long,  that  length  is  merely  coinci¬ 
dental,  but  must  be  such  that  the 
acoustical  impedance  of  the  tube 
matches  the  aerodynamic  imped¬ 
ance  of  the  shutter.  As  the  article 
was  for  the  purpose  of  describing 
the  phenomena,  constructional  de¬ 
tails  were  omitted.  The  switch, 
whether  acoustical  or  electrical, 
needs  to  be  designed  so  as  to 
quickly,  but  not  abruptly,  open  or 
close  the  channel. 

“Any  frequency  transmitted  over 
such  a  circuit  will  be  framed,  but 
not  accompanied,  by  side  frequen¬ 
cies.  Furthermore  the.se  side  fre¬ 
quencies  will  occur  in  spurts,  ap¬ 
pearing  only  during  the  instants  of 
switching  from  one  steady  state 
(open)  to  the  other  (closed).  The 
transit  time  during  which  these 
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To  help  manufacturing  customers  meet  all  conditions  of  bi¬ 
metal  application  ...  oil  applications  where  response  in 
temperature  is  required  ...  that  is  the  reason  why  the  Wilco 
line  includes  29  Wilco  Thermometals. 


VERSATILITY— Wilco  Thermo- 
metals  (Thermostatic  Bimetals)  are 
designed  for  a  wide  variety  of 
functions  including  .  . .  Temperature 
Indication  (thermometer)  .  .  .  Tem¬ 
perature  Control  (room  thermostat 
or  hot  water  heater)  .  .  .  Tempera¬ 
ture  Compensation  (voltage  regu¬ 
lators  and  various  other  instruments) 
.  .  .  Control  of  a  Function  with  tem¬ 
perature  change  over  a  range  of 
temperatures  or  by  auxiliary  heat¬ 
ing  of  the  Thermometal. 


CHARACTERISTICS — Wilco  Thermometals  cover  temperature  ranges  of 
maximum  sensitivity  from  50®  to  800°  F  .  .  temperature  defl^ion  rates  from 
minus  100°  to  plus  800°  . . .  and  electrical  sensitivities  as  required. 


PERFORMANCE — Whether  the  problem  is  corrosion  resistance  ...  a  device 
requiring  extremely  high  sensitivity  ...  a  single  circuit  breaker  design  for 
various  current  capacities  ...  or  more  than  usual  strength,  stiffness  and  work 
capacity  .  .  .  Wilco  Thermometals  meet  each  requirement  with  the  precision 
performance  of  products  reflecting  the  highest  standards  of  design  and 
workmanship. 


AVAILABILITY — Wilco  Thermometals  are  supplied  in  the  form  of  strip, 
straight  cantilever  blades,  U-shapes,  spirals  and  helices  ...  or  as  parts  of 
assemblies  with  shafts,  studs,  brackets,  contacts,  braids  or  springs. 


Whatever  your  requirements  for  Wilco  Thermometals,  Wilco  engineers  will 
gladly  help  you  meet  them  successfully. 


WILCO  PRODUCTS  INCLUDE: 

THERMOSTATIC  BIMETAL  — All  tempera- 
rature  ranges,  deflection  rotes  and  electrical 
resistivities. 

CONTACTS  — Silver- Platinum  -Tongsten-Alloys- 
Sintered  Powder  Metal 
SILVER  CLAD  STEEL 

JACKETED  WIRE— Silver  on  Steel,  Copper, 
Invar  or  other  combinations  requested 
ROLLED  GOLD  PLATE  AND  WIRE 
NI-SPAN  C*  New  Constant  Modulus  Alloy 

SPECIAL  MATERIALS 

4Ri>c  Trmd.  Mark  Th.  Intamalional  Nkk.l  Co..  Inc. 


Branch  Offices:  Chicago, 
Detrait,  lot  Angeies, 
Providence. 


SPECIALISTS  FOR  33  YEARS  If  HIM*  I 

IN  THE  MANUFACTORE  OF 
THERMOMETALS*  ELECTRICAL 

CONTACTS  •  PRECIOIS  METAL  BIMETALLIC  PRODICTS 
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ELECTRON  ART  (centinuad) 

side  frequencies  appear  is  made 
sufficiently  short  so  that  they  are 
imperceptible  to  the  ear,  the  reflex 
time  of  the  interaural  muscles 
which  control  the  ossicle  connection* 
in  the  middle  of  the  ear  being  long 
enough  to  cut  off  sudden  surges. 

“The  rights  to  the  invention 
were  acquired  by  the  Automatic 
Electric  Company  of  Chicago,  but 
they  have  not,  as  yet,  done  any  de- 
velopm*ental  work  on  equipment  us¬ 
ing  infrasonic  switching.”  (signed) 
Dr.  Angelo  Montani,  October  21, 
1946. 

The  discussion  is  inconclusive. 
We  delayed  publishing  these  com¬ 
ments  in  the  expectation  that  the 
aforementioned  experiment  could 
be  successfully  performed  giving 
.something  tangible  to  report.  We 
hope  the  correspondents  will  accept 
our  futile  efforts  as  justification  for 
delaying  publication  of  their  com¬ 
ments,  for  which  delay  we  are 
heartily  sorry. 


f//  MW  TRANSFORMERS 

C  patch  COADS.  PIUCS,  FIITCRS,  JACKS  oad  JACK  PANEIS 

STOCKED  BY  YOUR  JOBBER 


Detection  of  Poisonous  Gases 

Lethal  gases  encountered  in  chem¬ 
ical  plants,  mines,  and  other  work¬ 
ing  locations  can  be  electronically 
detected.  Quick  detection  of  such 
gases  is  essential  because  one  can 
inhale  a  deathly  dose  in  only  a  few 
minutes  without  knowing  it.  A 
simple  portable  detector  can  be  used 
to  give  warning  of  the  presence  of 
many  toxic  gases. 

Platinum  Detector 

The  sensing  element  in  the  gas 
detector  is  a  layer  of  platinum  black 
(finely  divided  platinum)  deposited 
on  a  platinum  wire  with  an  inter¬ 
mediate  layer  of  aluminum  oxide. 
Oxidation  of  methyl  alcohol,  intro¬ 
duced  by  a  capillary  tube  from  a 
small  reservoir  into  the  air  stream 
that  is  blown  over  the  detector  and 
catalyzed  by  the  platinum  black, 
heats  the  detector  thereby  raising 
its  temperature  to  120-150  C. 

Methyl  alcohol  does  not  ordinarily 
combine  with  the  free  oxygen  of 
the  air  because  of  an  energy  thresh¬ 
old  which  repels  the  molecules  as 
they  approach  each  other  closely. 
However,  unused  forces  of  attrac¬ 
tion  on  the  corners  of  crystals  such 
as  those  of  platinum  can  overcome 
this  energy  threshold.  Thus  in  the 


Two  new  ADC  transformer  lines  now 
being  handled  by  jobbers: 

Qwolity-fles  TraasleniMrs.  Broadcast  engi¬ 
neers’  first  choice  for  broadcast  or 
recording  studios. 

•  Extremely  high  fidelity 
(Guaranteed  ^  }^db  30-1 5,000  cps) 

•  Low  transmission  loss 

•  Excellent  longitudinal  balance 
(on  line  windings) 

ladestrial  TroasUrmers.  For  quality  P.  A. 
systems  and  high  fidelity  music  repro¬ 
duction. 

•  Guaranteed  ±  ij/jj  db  50-10,000  cps 

•  Minimum  insertion  loss 


New  ADC  policy  provides  for 
distribution  through  jobbers.  If 
you  do  not  already  stock  ADC 
transformers,  ask  for  information 
about  our  new  jobber  set-up. 

WI  WILCOMI  YOUR  INQUIRY 


TYPICAL  FEATURIS— All  unitt  or*  vacuum 
varnish  or  wax  impregnated,  sealed  with  non- 
hygroKOpk  potting  compound  •  Highest  grade 
insulation  throughout  . . .  wiH  withstand  voltages 
far  in  excess  of  normal  requirements  •  Silver 
ploted  brass  terminals  —  for  sturdiness  and  easy 
soldering  •  Top  or  bottom  mounting. 


Note  to  User:  If  your  jobber  does  not  yet  stock  ADC  audio 
components,  ask  him  to  write  immediately.  Until  his  stock 
is  adequate,  order  direct  .  .  .  we’ll  ship  the  desired  items. 
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The  WORKSHOP  FM  "TOWER" 

A  New  Type  of 

FM  TRANSMITTING  ANTENNA 

Incorporates  design  and  structural  features 
unique  in  the  field  of  broadcasting 

The  new  Workshop  FM  “Tower”  Antenna  is  the  ultimate  in  clean-cut  design 
and  performance.  Complicated  feed  systems  coupled  with  elaborate  mechanical 
structures  —  costly,  inefficient,  troublesome  —  have  been  eliminated. 


FEATURES 

THI  SINGLI  SILF-SUPPORTING  TOWH  STRUCTURI  IS  THI  ANTKNNAI 

No  protruding  elements  to  increase  wind  and  ice  load. 

INSTALLATION  PROBLIMS  CUT  TO  A  MINIMUM. 

Complete  section  easily  handled  by  two  men. 

TOTAL  WEIGHT  —  1  B3  lbs. 

This  allows  use  of  lighter  and  less  expensive  supporting  structures. 


I50\  140*  120*  100*  80*  60*  40*  30* 


Vertical  Pattern  of  Workshop  "Tower"  Antenna  —  single  section. 
Actual  measurements  in  power  at  101  me. 


HIGHEST  GAIN  PER  ANTENNA  HEIGHT. 

Equal  or  superior  in  gain  to  o  3-bay  Vi  wove  spaced  array  of  conventionol  types. 

MECHANICALLY  STRONG. 

Four  strong  aluminum  alloy  channels  rigidly  mounted  to  reinforced  circular  end  costings. 

SECTIONS  CAN  BE  STACKED  FOR  ADDITIONAL  GAIN. 

For  higher  gain  Model  FMT1  con  be  stacked  on  heavier  lower  sections — available  soon. 

NO  DE-ICING  EQUIPMENT  NECESSARY. 

High  voltage  points  separated  by  a  1 5"  gap.  Icing  effects  negligible. 

LESS  WINDLOAD  AND  WEIGHT  THAN  ANY  OTHER  ANTENNA  OF  COMPARABLE  GAIN. 

LOW  MAINTENANCE  COST. 

Simplicity  of  construction  assures  a  minimum  of  maintenance. 

HORIZONTALLY  POLARIZED. 

Uses  a  new  "wave-guide"  principle  of  radiation  (patent  pending).  Two  short  wave-guide  sections 
arranged  and  fed  at  90  degrees. 


ABSOLUTELY  NON-DIRECTIONAL. 

The  azimuth  pattern  is  circular  to  better  than 
o  ratio  of  1.1  to  1  in  power. 

LOW  STANDING  WAVE  RATIO  AT  YOUR 
FREQUENCY. 

Antennas  ore  pretuned  at  the  factory.  Accu¬ 
rate  standing  wave  ratio  carefully  meas¬ 
ured  on  each  antenna  before  shipping.  Com¬ 
plete  data  supplied. 

EYE  APPEAL. 

The  neat  streamlined  appearance  af  the  new 
Workshop  "Tower”  Antenna  adds  to  the 
beauty  of  any  building  or  tower  rather  than 
detracting  from  it. 

PROVIDES  A  MOUNTING  FOR  A  STANDARD 
300mm  BEACON. 


THE  WORKSHOP  ASSOCIATES 

INCORPORATED 

Specialists  in  High-Frequency  Antennas 

66  NEEDHAM  STREET,  NEWTON  HIGHLANDS  61,  MASSACHUSETTS 
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presence  of  a  catalyst  oxidation 
takes  place. 

When  some  gases,  such  as  hydro¬ 
gen  sulphide,  hydrocyanic  acid,  mer¬ 
curic  cyanide,  and  carbon  monox-  • 
ide,  come  in  contact  with  the  plati¬ 
num  black,  their  molecules  associ¬ 
ate  with  the  forces  of  attraction 
thus  making  the  catalyst  ineffective. 
Oxidation  ceases  and  the  tempera¬ 
ture,  and  consequently  the  resist¬ 
ance,  of  the  wire  falls.  The  wire 
forms  one  arm  of  a  bridge  which  is 
balanced  at  the  temperature  pro¬ 
duced  during  oxidation.  Interrup¬ 
tion  of  oxidation  by  a  poisonous  gas 
unbalances  the  bridge.  The  un¬ 
balance  can  be  used  to  sound  any 
desired  alarip  or  actuate  blowers  or 
process  controls  through  electronic 
amplifiers.  The  platinum  wire  is 
heated  to  400  C  for  a  short  time  to 
reactivate  it  after  poisoning  (too 
high  a  temperature,  by  causing  the 
small  crystals  to  combine,  will  re¬ 
duce  its  effectiveness  as  a  cataylst). 
Platinum  is  used  as  the  catalyst 
because  it  is  poisoned  by  most  of 
the  same  gases  that  are  toxic  to  per¬ 
sonnel 


It’s  Better  Because  It’s  Bendix! 


Aviation  Standard 


(Electrical  Detection  of 
Traces  of  Poisonous  Gases  in  the 
Atmosphere,  J.  Boeke,  Philips  Tech¬ 
nical  Review,  p  341,  Nov.  1946). 
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Russian  Research 

Improvements  in  electron  micro- 
.scopes  and  other  electronic  equip¬ 
ment  and  components  are  being 
made  in  Russia.  Academician  A.  A. 
Lebedev  of  the  Soviet  State  Optical ' 
Institute  in  Leningrad  has  an¬ 
nounced  production  of  four  new 
electron  microscopes  capable  of  re¬ 
solving  40-50  Angstroms.  The  pic¬ 
tures  so  obtained  can  then  be  mag¬ 
nified  an  additional  60,000-60,000 
times.  Improvements,  especially  in 
electron  gun  design  and  use  of  dry 
disc  rectifiers,  make  it  possible  to 
put  the  microscope  into  operation  in 
about  ten  minutes  against  the  sev¬ 
eral  hours  required  for  other  such 
instruments.  The  objective  table  is 
arranged  for  stereoscopic  photo¬ 
graphing  during  examination  of 
the  object.  These  electron  micro¬ 
scopes  are  being  used  in  medical 
and  biological  research. 

Two  other  projects  closely  paral¬ 
lel  those  of  the  U.  S.  Bureau  of 
Standards.  One,  the  development 
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Installation  Speed— No  hammering  or  bucking.  Cherry 
Blind  Rivets  are  installed  with  a  controlled  pull  from  one 
side  of  the  work  only.  Installation  is  a  fast,  one-man  oper¬ 
ation  requiring  only  three  simple  steps:  (1)  inserting  rivet 
In  hole;  (2)  engaging  the  rivet;  (3)  actuating  the  gun.  This 
adds  up  to  speed,  speed, speed. 


Dynamic  Expansion  of  rivet  shank  during  installation 
(greater  shank  expansion  than  any  other  blind  fastener) 
means  tight,  strong,  vibration-resistant  joints.  Powerful 
controlled  pull  of  rivet  gun  draws  stem  into  rivet,  forcibly 
expanding  rivet  to  fill  hole  lightly.  Cherry  Blind  Rivets 
don't  work  loose  like  nuts  and  screws. 


Monel/  Steel/  Aluminum  make  up  the  Cherry  Rivet 
materials  classification.  There  are  three  types,  two  head 
styles,  a  range  of  diameters  and  lengths. 


e-iOR  e.asA 
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A  $eri«s  oi  *p«cial  "guns,”  both  pnaumolic 
and  h(ind-op«ra>*d,  have  been  detigned  fe/ 
upteHing  Cherry  Blind  livelt.  All  are  small, 
lightweight,  easy  to  hopdle,  puitive  in  action. 


Find  out  all  about  Cherry  Blind  Rivets  and  their 
many  applications.  Write  Dept.  H-120,  Cherry 
Rivet  Co.,  231  Winston  St.,  L.  A.  13,  Calif. 


High-strength,  setf-pfuggfng  type  Cherry 
Blind  Rivet,  showing  the  perfectly  formed 
blind  hood  and  the  light  $lom-plug. 


CHERRY  BLIND  RIVETING 


excelled  by  no 
other  fastening  technique 

SsCUtify  equalled  only 
by  conventional  riveting 


Cherry  Blind  Riveting  has  stirred  up  enormous  interest 
since  its  inception  during  the  war.  This  remarkable 
fastening  technique  is  so  fast  and  the  results  are  so 
uniformly  dependable  that  it  has  spread  from  industry 
to  industry  at  an  astonishing  rate. 


Tighl-tlinching,  pull-through  hollow  typo  Chorry  Blind 
Rivet,  showing  the  perfectly  formed  blind  head. 


EL^ftON  Alt 
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of  a  capacitor  dielectric  by  B.  W. 
Bui,  has  resulted  in  capacitors  that 
can  be  used  in  circuits  requiring  a 
high  stability  despite  changes  in  _ 
temperature.  Barium  titanate,  hav¬ 
ing  a  dielectric  constant  over  1,000, 
is  used  as  the  capacitor  body.  It  is 
prepared  by  being  calcined  in  a  fur¬ 
nace,  plated  on  both  sides  with  sil¬ 
ver,  and  again  calcined.  The  capaci¬ 
tor  so  formed  has  high  capacitance 
in  small  volume  and  withstands 
very  high  voltages ;  it  is  being  used 
in  industrial  technology  such  as  in¬ 
duction  heating,  high-frequency  x- 
ray  equipment,  and  electron  micro¬ 
scopes. 

The  other  project  concerns  de¬ 
velopment  by  physicists  N.  S. 
Akulov  and  N.  I.  Yermin  of  an  elec¬ 
tromagnetic  micrometer  for  measur¬ 
ing  the  thickness  of  protecting  lay¬ 
ers  of  nonmagnetic  materials.  Three 
coils  are  wound  on  an  iron  core. 
The  outer  two  are  connected  in 
series  to  a  galvanometer.  The  in¬ 
ner  one  is  excited  from  a  30-kc 
source.  The  two  detector  coils  are 
balanced  against  each  other  so  that 
there  is  no  galvanometer  deflection. 
However,  if  the  probe  is  brought 
near  a  magnetic  material,  the  bal¬ 
ance  is  disturbed  by  the  distortion 
of  the  fleld  about  the  coils,  and  a 
deflection  is  produced.  The  instru¬ 
ment  is  calibrated  against  known 
materials.  It  can  be  used  either 
as  a  micrometer  or  as  a  flaw  detec¬ 
tor.  If  the  nonmagnetic  material 
whose  thickness  is  to  be  gaged  is 
not  backed  by  magnetic  material, 
a  magnetic  backing  plate  can  be 
used. 

A  portable  telephone  station  has 
been  constructed  by  V.  A.  Nevitzky 
at  the  Chief  Military  Navigation 
Management  in  Moscow.  The  tele¬ 
phone  set  consists  of  a  piezoelectric 
unit  that  acts  both  as  microphone 
and  loudspeaker.  The  unit  is  being 
used  for  the  telephone  to  marine 
divers.  The  single  element  in  the 
diver’s  dress  is  connected  either  to 
the  amplifier  input  or  output  de¬ 
pending  on  whether  the  surface  op¬ 
erator  wishes  to  hear  or  speak  to 
him. 


SURVEY  OF  NEW  TECHNIQUES 

Instrumentation  is  one  of  the 
major  fields  of  application  for  elec- 
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RADIOTELEPHONE  SYSTEMS  BUILT 
TO  MEET  RAILROAD  SERVICE  REQUIREMENTS 


The  complete  dynamotor-type  Farnsworth  mobile  radiotelephone 
system  shown  above  includes  the  Farnsworth  “Firecracker”  antenna, 
only  11%"  high,  the  first  truly  practical  streamlined  VHF  antenna 
for  railroad  use;  transmitter  and  receiver  units  which  are  shock- 
mounted  in  a  rugged  weather-proof  housing  for  complete  protection; 
mobile  control  units  constructed  of  heavy  cast  bronze-aluminum, 
and  weather-resistant  speakers  especially  designed  for  railroad  appli¬ 
cations.  (Converter— power-rectifier-type  power  supply  may  be  sub¬ 
stituted  for  dynamotor  power  source.) 


Radio  has  already  demonstrated  its  usefulness  in  railway 
operations.  The  design  of  proper  specialized  equipment 
for  the  practical  application  of  this  dependable  communica¬ 
tions  tool  in  railway  service  is,  however,  dependent  upon 
a  thorough  knowledge  of  the  unique  and  exacting  require¬ 
ments  of  railway  operation. 

Because  F arnsworth  engineers  have  secured  this  knowl¬ 
edge  through  their  pioneering  accomplishments  in  adapting 
radio  to  railroad  operations,  Farnsworth  is  today  producing 
VHF  communications  systems  that  have  been  specifically 
designed  and  precisely  developed  for  railway  service. 

Standardized  design  and  unitized  construction  are 
only  two  of  many  important  engineering  results  of 
Farnsworth’s  pioneering,  long-term  development  and 
field-testing  program  in  railway  radio  communications. 


They  give  Farnsworth  equipment  these  practical  features: 

•  The  same  receiver,  transmitter,  and  in  some  cases,  power 
supply  and  remote  control  unit,  is  usable  for  mobile, 
wayside  or  relay  installations,  thus  providing  complete 
interchangeability  of  basic  equipment. 

•  Because  all  connections  are  made  by  a  single,  hreak-away 
plug,  transmitters,  receivers  and  power  converters  can  be 
instantly  disassociated  for  purposes  of  maintenance  or 
relocation  without  manually  disconnecting  a  single  wire. 

•  Personnel  unlicensed  by  the  FCC  and  without  technical 
training  can  replace  all  units  of  Farnsworth  systems. 

Only  Farnsworth  radiotelephone  systems  offer  all  these 
vital  service  and  maintenance  advantages.  For  complete 
information  write  Farnsworth  Television  &  Radio  Corpora¬ 
tion,  Dept.  E-8.  Fort  Wayne  1,  Indiana. 


Fomcwoilh  Radio  and  Tolovitien  Rocoivort  and  Trontmilfars  •  Aircraft  Radio  Equipmont  •  Farnsworth  Tolovisian  Tubos  •  Mobiio  CommunlcoNans 
and  Traffic  Controi  Systoms  for  Roii  and  Highway  •  The  Farnsworth  Phonograph-Radio  •  Tho  Capohort  •  Tho  Ponamuso  by  Copohort 
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This  twe*ton  eopj>er-oxM«  rectifier  is  one  of  the  largest  ever 
made.  Designed  and  engineered  by  General  Electric,  the 
ten-foot-tall  unit  is  rated  at  80  kw.  It  will  be  used  in  an 
electrochemical  process,  to  supply  constant  unvarying  flow  of 
electricity  over  a  wide  range  of  load. 


. . .  Specify  General  Electric  and  Get 
the  Right  Rectifier  for  Your  Designs 

Mite  or  Mammoth?  Your  needs  probably  fit  somewhere  in 
between.  But  the  important  point  is  that  we  have  a  lot  of 
<  xperience  with  a//  kinds  and  all  types  of  rectifiers. 

This  means  that  when  you  come  to  us  with  a  problem 
involving  rectification,  we  probably  have  already  tackled  a 
iimilar  problem  for  some  other  manufacturer  —  and  have 
come  up  with  a  successful  solution. 

Even  if  your  application  is  entirely  new,  our  engineers 
have  a  background  of  experience  that  is  invaluable  in  select¬ 
ing  the  ty|?e  and  the  design  of  rectifier  that  will  give  you  the 


utmost  in  operating  economy  and  output  efficiency. 

Because  we  make  all  three  of  the  most  commonly  used 
types  of  rectifiers,  you  can  be  sure  of  unbiased  recommenda¬ 
tions  for  the  one  that  is  best  suited  to  your  application. 

Call  on  us  for  counsel  when  your  next  project  is  in  the 
planning  stage.  There  is  no  obligation.  Just  ask  a  General 
Electric  representative  to  call,  or  write  to  Section  A72-831, 
Appliance  and  Merchandise  Department,  General  Electric 
Company,  Bridgeport  2,  Connecticut. 


To  m99t  retiuirBrneniM  for  weight-  and  space-saving  rectifica¬ 
tion  in  small  radios.  General  Electric  engineers  have  developed 
this  tiny  selenium  rectifier.  Less  than  one  inch  square,  its  use 
has  resulted  in  important  manufacturing  economies,  without 
loss  of  eflBciency. 
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ELECTRON  ART  (continuad) 

tronic  techniques.  Electronic  in¬ 
strumentation  is  finding  nuclear  re¬ 
search  an  especially  fertile  field  into 
which  to  expand.  . 

Higher  speed  counting  of  radia¬ 
tion  particles  than  is  possible  with 
G-M  tubes  can  be  done  using  a  flu¬ 
orescent  screen.  Particles  from  dis¬ 
integrating  atoms  excite  the  screen. 
Light  from  the  screen  acts  on 


EACH  A 

POTENTIAL  RECORDING 


Spikea  on  oacilloscope  indicate  particles 
giTen  oil  from  radioactiTe  material  tipping 
wire  held  by  Dr.  Fritt-Hugh  G.  Marshall  of 
Westinghouse  Research  Laboratories 

an  electron-multiplier  photo-tube 
producing  the  electrical  signal. 
Whereas  G-M  counters  saturate  at 
about  2,000  counts  a  second,  the  flu¬ 
orescent  screen  and  tube  enclosed 
in  a  light  tight  box  can  count  at 
rates  as  high  as  100,000  times  a 
second. 


Soanderaft  dUes  are  the  ealaUaatiea  af  a  five-year 
eaglaeeriag  search  for  wider  dyaaade  raage,  lower  sarface 
aoise,  freedoai  from  ^grey-eat’’  and  ^^swlsh**  In  dise 
reeordlag. 

Soaadei^aft  eagineers  have  developed  a  eoating  process 
that  aow  makes  possible  the  application  of  high  solid 
content,  finer  grained  lacqnei^  la  aa  nnnsnally  thick,  clean 
and  aniform  eoating. 

Check  and  compare  these  Sonndcraft  qnalltles  with  other 
blank  discs  yon  may  be  nsing  now. 


Because  it  is  strong,  light  in 
weight  and  easily  machined,  Lucite 
acrylic  resin  was  used  as  the  mount 
for  G-M  tubes  at  Bikini. 

To  DETERMINE  PROPERTIES  and  qual¬ 
ity  of  radiation  from  the  some  400 
radioactive  isotopes  now  being  used 
in  physics,  chemistry,  biology,  med¬ 
icine,  and  industrial  processing  es¬ 
pecially  as  tracers,  the  National 
Bureau  of  Standards  has  developed 
an  improved  magnetic  beta  ray 
spectrometer.  Beta  rays  (high 
speed  electrons)  emitted  from  the 
material  under  test  pass  through 
the  lens  and  impinge  on  a  G-M  tube. 
The  beta  ray  particles  come  to  a 
focus  at  a  point  dependent  on  their 
initial  velocity,  so  the  focal  point  is 
an  indication  of  their  energy.  Baf¬ 
fles  prevent  direct  rays  and  gamma 
rays  from  reaching  the  G-M  tube. 
The  spectrometer  is  housed  in  a 


Baekgronad  noise  lowered  >— 4  db 
Dynamic  range  Increased 
Elimination  of  nnpredictable  **grey  ents** 
Rednetlon  of  snrface  ^'swlsh** 

Increase  of  sapphire  life 


OUR  Off€R 


Mm  order  that  you  may  test  tor  yoursett  oar 
claims  for  Sounder  aft  diseSf  a  ** Broadcaster^? 
disc  will  be  sent  without  eharye  to  anyone 
detaching  this  page  and  sending  his  name 
and  address  to  us. 
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CHOICE  OF  4  BASES 


UNIVCISAl  ttACKET 


Few  persons  see  exactly  alike. 
Even  on  similar  jobs  they  have  dif¬ 
ferent— and  changeable— lighting 
needs.  Consider  how  these  varia¬ 
tions  multiply  when  vou  plan  to 
compensate  for  dark  locations  . . . 
to  provide  high  level  illumination 
for  precision  machining,  fast  as¬ 
sembly,  close  inspection,  drafting 
or  accounting. 

Then  you’ll  understand  why  we 
stress  the  Dazor  Floating  Lamp’s 
flexibility',  its  capacity  for  delivering 
the  right  amount  of  light  for  the 
individual  at  the  right  place  for  the 
type  of  work.  Dazor’ s  exclusive  Float¬ 
ing  Arm  enables  the  user  to  raise, 
lower,  push,  pull  or  tilt  the  reflector 
anywhere  within  the  broad  area 
reached  by  the  lamp.  Once  guided 
to  the  point  selected,  a  patented 


mechanism  holds  it;  there’s  nothing 
to  fasten. 

Your  choice  of  advanced  Dazor 
lighting  is  a  logical  step  toward 
improving  the  safety  record,  in¬ 
creasing  output,  curtailing  errors. 
It  also  puts  you  in  good  company. 
Just  observe  as  you  examine  photo¬ 
graphs  of  progressive  concerns  in 
popular  magazines,  how  often 
Dazor  Floating  Lamps  appear  as 
“part  of  the  picture.’’ 

Phone  Your  Dazor  Distributor  for 

an  on-the-job  demonstration  of 
Dazor  efiiciency.  In  the  event  you 
require  the  distributor’s  name, write 
to  Dazor  Manufacturing  Corp., 
4481-87  Duncan  Ave., St. Louis  10, 
Mo.  In  Canada  address  inquiries 
to  Amalgamated  Electric  Corpora¬ 
tion  Limited,  Toronto  6,  Ontario. 


^4Z0R  HOATIMG  LAM4»5 

FLUORESCENT  and  INCANDESCENT 
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PRACTICAL  LIGHTING  IS 


''--ilexlLL 


e  FOR  EACH  INDIVIDUAL 


...FOR  EACH  TYPE  OF  WORK  . 


MOVES  FREELY  INTO  ANY  POSITION 
AND  STAYS  PUT— WITHOUT  LOCKING 


>  ■ 


Coil  at  center  oi  magnetic  spectrometer 
iocuses  beta  rays  on  G-M  tube 


6.5-inch  brass  tube  about  6.5  feet 
long  with  Wilson  seals  at  both  ends 
so  that  the  uiternal  vacuum  need 
not  be  completely  broken  when  ra¬ 
dioactive  samples  are  inserted  or 
the  G-M  tube  adjusted. 


Combination  of  electronic  infrared, 
ultraviolet,  and  mass  spectrometers 
at  Lehigh  University,  which  were 
developed  by  Dr.  Earl  Serfass,  is 
being  used  to  analyse  volatile  com¬ 
pounds  formed  during  oxidation  of 
lubricants  for  Army  Ordnance.  The 


Mass  spectrometer,  combined  with  infrared 
and  ultraTiolet  spectrometers,  not  shown, 
constitutes  a  Tersatile  instrument  for 
chemical  analysis 


versatile  interlocking  apparatus 
makes  analysis  as  simple  as  tuning 
a  communications  receiver. 


Frankenstein  was  brought  to  life, 
so  Hollywood  fictitiously  shows  it, 
by  bolts  of  lightning.  Dr.  Arno 
Brasch  of  Brooklyn,  N.  Y.  has  found 
that  if  beams  of  high-voltage  elec¬ 
trons  produced  by  capacitron  are 
passed  through  living  tissue  (ani- 
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LOSSES 


BALANCED 


D\7Q 


CORRECT,  EFFE^ 
PERMEABILIT  Y.^1 


Optimum  iron  core  efficiency  calls  for  full  consideration  of  all 
loss  factors,  then  balancing  these  carefully  against  correct  effec¬ 
tive  permeability. 

To  achieve  this  end,  Stackpole  offers  several  unique  iron  core 
types  in  addition  to  its  standard  lines.  Frequently,  these  have 
paved  the  way  to  combining  a  low  loss  factor  with  engineering 
short  cuts  of  proved  economy  and  dependability — not  only  in 
the  cores  themselves,  but  likewise  in  the  way  in  which  they  can 
be  utilized  in  a  circuit. 

Based  on  an  extremely  broad  background  of  practical  appli¬ 
cation  experience,  Stackpole  welcomes  the  opportunity  to  engi¬ 
neer  iron  cores  for  specific  applications. 

WTri/e  for  Stackpole  Electronic  Components  Catalog  RC6 

KLICTRONIC  COMRONINTS  DIVISION 

STACKPOLE  CARBON  COMPANY,  St.  Marys,  Pa. 
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.  .  .  Available  in  siiai,  thapas  anrf 
ranpas  for  pra<ti<ally  any  raqwira* 
mant.  Engineered  to  specific  needs. 


SIDE-MOLDED 


»  •  •  for  moxlimmi  stobillty  of  DOT* 
moobility  with  rBspDct  to  lonfrti* 


IRON  SLEEVE 


SCREW  TYPE 


brass  screws  ore  eliminated  from 
the  ceil  field.  Him  greatly  increas* 
ing  efficiency  and  reducing  sise  in 
many  applications. 


Raving  the  way  ta  highly  efficient 
tuning  in  units  of  smaller  sice  and 
with  smaller  cans. 


ELECTKON  ART 


(continuad) 


mal  or  vegetable)  the  life  process 
is  in  actuality  interrupted.  The 
technique  may  be  useful  in  preserv¬ 
ing  foods  or  treatment  of  cancer 
(Electronics,  p  180  Jan  1947). 

A  SYNCHROCYCi.OTRON  having  130- 
inch  magnet  faces,  weighing  1,100 
tons,  and  capable  of  producing  en¬ 
ergies  between  200  and  250  million 
electron  volts  (mev)  is  being  built 
at  Carnegie  Institute  of  Technology, 
Pittsburgh,  Pa.  through  funds  from 
the  Buhl  Foundation,  the  U.  S.  Of¬ 
fice  of  Naval  Research,  and  West- 
inghouse  Electric  Corp.  In  design- 


Hew  Ohio  Electric 
talog  on  fractional 
H.  P.  Motors 


The  wooden  man  is  to  the  same  scale  as 
the  electromagnet;  Joan  Eccles  is  life  size 


*  Just  out!  —  A  well  -  illustrated  catalog 
which  gives  information  on  the  high  per¬ 
formance  factors,  all-purpose  ratings 
and  fine  construction  features  of  Ohio 
Motors  .  .  .  Oil  Burner,  General  Purpose, 
Shell  Type  and  Torque  Motors. 

"  New  catalog  describes  distinctive  qual¬ 
ities  of  Ohio  Fractional  H.  P.  Motors  .  .  . 
vibration-free  operating  efficiency  .  .  . 
and  lists  a  wide  variety  of  industrial 
applications. 

Lower  your  operating  costs 
with  Ohio  "A  p  p  I  i  c  a  t  i  o  n 
P  oved"  Motors  .  .  .  Send  for 
this  catalog  today! 


ing  the  large,  high  quality,  low 
carbon  steel  forgings  for  the  mag¬ 
net,  a  scale  model  1  14  the  size  of 
the  final  magnet  has  been  built  and 
is  being  tested  at  1,000  amperes  to 
obtain  data  on  mechanical  forces 
produced  by  large  electromagnets. 

Dielectric  constant  and  losses 
over  a  wide  range  of  high  frequen¬ 
cies  of  ceramics,  liquids,  glasses, 
polymers,  and  other  materials  are 
listed  in  two  reports  prepared  at 
MIT.  (PB-4658,  205  p,  and  PB- 
4660,  97  p.  Dept,  of  Comm.) 


OHIO  ElECTRK 


Cl«v«laad  4,  Ohio 


Radar  on  one  Great  Lakes  steamer 
saved  two  others  from  head-on  col¬ 
lision  during  a  blinding  snowstorm. 
Three-centimeter  RCA  merchant 
marine  radar  on  the  ore  carrier 
A.  H.  Ferbert  showed  the  impend¬ 
ing  collision,  and  both  ships  were 
warned  by  radio. 
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How  this  "VIBRATION  DETECTIVE" 
can  help  you  put  out  a  better  product 


AN  MB  VIBRATION  PICKUP  detects  vibration  for  you— or 
turns  it  into  a  useful  yardstick  for  quality-control. 

In  inspecting  a  line  of  air-conditioning  equipment,  for 
example,  you  tell  at  a  glance  whether  vibration  is  within  accept¬ 
able  limits.  Or  in  operational  testa  of  machines  or  engines,  you 
can  check  them  for  smoothness— or  determine  their  variations. 
In  short,  MB  Pickups  help  you  locate  trouble  before  your  prod¬ 
uct  gets  into  the  field  to  cause  extra  expense  and  loss  of  good  will. 

And  it’s  an  idea  for  process-control,  too.  Take  the  case  of  a 
ball-mill  grinder,  for  instance.  The  MB  Pickup  could  show  you 
when  material  was  properly  milled  by  changes  in  the  pattern 
of  produced  vibrations. 

If  you  would  like  to  know  whether  this  sensitive  pickup  can 
be  used  in  your  own  plant,  why  not  let  us  hear  from  you?  As 
foremost  specialists  in  vibration,  MB  may  have  the  answer 
to  your  problem.  There’s  no  obligation. 


PARTIAL  TECHNICAL  DATA 


•  Coil  which  moves  between  perma¬ 
nent  magnets,  transforms  velocity 
changes  into  voltage  changes. 


•  Dimensions:  2-13/32  x  1-19/32  x 
1-19/64".  Weighs  8-1/2  oz. 

•  Range:  velocity  response  flat  from 
10  to  1000  cps.  Usable  to  5  cps. 

•  Sensitivity:  about  21  mv.  per  .001 
inch  double  amplitude  per  100  cps. 
No  practical  lower  limit  on  amplitude. 


•  Convertible  for  horizontal  or 
vertical  operation. 


•  Electrically  damped. 


MB’s  flexible,  Type  5  Isomode*  mount  has  remarkable  isola¬ 
tion-efficiency.  For  it  was  engineered  with  an  equal  spring  rate 
in  all  directions  —  to  absorb  vibrations  in  all  six  possible 
modes  of  motion!  (That’s  why  you  can  also  mount  it  at 
any  angle!)  It  has  softness  plus  stability;  large  load  capacity 
plus  compact  size. 

You  can  make  vibration  end  at  an  Isomode-supported  design 
—and  with  surprising  simplicity!  Get  acquainted  with  the 
Isomode  design  chart  which  locates  your  best  support  points 
for  you.  Write  for  reprint  of  technical  paper. 

♦  Trade  Mark  Reg.  U.  S.  Pat.  Off. 


If  H  COMPMIY^mc 

III  K  1060  state  Straat 
■  ■  IP  >^-r  Haw  Navan  11,  Cana. 

TWUTIIN  ISMATII  MTS  -  fMMtM  tiSf  IHIMaT 


SEND  FOR  FREE  BULLETINS 


No.  124A  gives  further  details  on  Pickup.  No.  4-6 
provides  helpful  design  information  on  mountings. 
Reprint  of  Technical  Paper  describes  Isomode  Simpli¬ 
fied  Design  Method.  No.  406  describes  economical 
mounting  of  industrial  machinery.  Write  Dep’t.  A6. 


ELECTRONICS 


>■  AIR  ^ 
EXPRESS 


NEW  PRODUCTS 

(continuad  from  p  142) 

lation  accuracy  is  0.5  percent  and 
maximum  harmonic  distortion  5 
percent. 


Card  Counter  (15) 

Potter  Instrument  Co.,  136-56 
Roosevelt  Ave.,  Flushing,  N.  Y., 
has  an  electronic  counter  which  by 
means  of  a  new  pickup  counts  sheets 
and  cards  at  rates  of  1,000  per  sec¬ 
ond.  Cards  are  riffled  by  hand,  and 


the  pickup  is  moved  down  the  edges 
while  the  count  is  registered  on  the 
instrument.  Complete  details  will 
be  supplied  by  the  manufacturer. 


Induction  Heating  Unit 

Ohio  Crankshaft  Co.,  3800  Har¬ 
vard  Ave.,  Cleveland,  Ohio,  an¬ 
nounces  a  new  induction  heating 
machine.  Suitable  for  both  auto¬ 
matic  and  manual  operation,  the 


ggiiraulU 

by  Ai>  Express 


You  get  sufi|Nles  and  equipment  the  fastest  possible  way  when 
you  specify  Air  Express.  This  speedy  service  makes  hay  out  of 
shipping  time— delivers  you  what’s  needed  in  hours  instead  of  days. 

Your  shipment  travels  at  speeds  up  to  five  miles  a  minute  by  Air 
fjipress.  Because 'Air  Express  goes  on  all  flights  of  all  Scheduled 
Airlines,  no  time  is  lost  waiting  for  loads  to  accumulate.  Regular 
use  of  Air  Express  keeps  your  business  running  in  high  gear  — 
helps  give  customers  better  service.  Frequent  flights  to  and  from 
points  overseas  make  foreign  shipping  problems  simple,  too. 

:5peci^  Air  Bipress-it^  Good  Business 

•  Low  rates  —  special  pick-up  and  delivery  in  principal  U.S.  towns  and 
cities  at  no  extra  cost.  •  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  off-airline  offices. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

Just  phone  your  local  Air  Express  Division,  Railway  Express  Agency, 
for  fast  shipping  action  .  .  .  Write  today  for  Schedule  of  Domestic  and 
International  Rates.  Address  Air  Express.  230  Park  Ave.,  New  York  17. 
Or  ask  for  it  at  any  Airline  or  Railway  Express  Office.  Air  Express 
Division,  Railway  Express  Agency,  representing  the  .\irlines  of  the  U.S. 


Fastest  delivery— at  low  rates 


Engine  parts  (36  lbs.)  pirked  up  at  Portland, 
Ore.,  factory  late  on  10th.  Delivered  to  Los 
Aneeles  consignee  821  miles  away,  9  AM  on 
lltn  in  time.  Air  Express  charge  —  88.81! 
Other  weichts.  anv  distance,  similarly  inex- 


Other  weights,  any  distance,  similarly  inex 
pensive  and  fatil 


20th  year  of  getting  there  first!  —  1947 
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New  Antennas  (17) 

Interstate  Manufacturing  Corp., 
138  Sussex  Avenue,  Newark  4,  N.  J. 
Designed  for  fast,  easy  installation, 
the  new  wide-band  high-gain  f-m 


unit  operates  from  a  115-volt  single¬ 
phase  60-cycle  current  source,  and 
requires  no  water  connections.  The 
power  output  is  750  watts  and  it  has 
a  450,000  cps  frequency. 


NEW  PRODUCTS 


(continued) 


and  television  receptor  has  a  blanket 
coverage  of  44-216  me.  Reflectors 
are  available  for  the  elimination  of 
ghosts  and  for  special  directional 
effects. 


Fwiii  Higli'Frequency 
Speaker  (18) 

University  Loudspeakers,  Inc.,  225 
Varick  St.,  New  York,  N.  Y.  Built 
for  use  with  any  good  low-frequency 


■when  a  oast  is  executedf. 

withstand  the  strain  of  hauling  in  a  fighting  fish  ^ 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Iiistrumeuts  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 


speaker,  a  new  twin  unit  ha.s  a  fre¬ 
quency  response  from  2,000  to 
15,000  cycles  and  requires  no  divid¬ 
ing  network.  Horizontal  distribu¬ 
tion  from  the  horns  is  100  deg  and 
vertical  coverage  is  50  deg. 


Electrolytic  Tubulars  (19) 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  Low-voltage, 
high-capacitance  units  designated 


rsman  Castomalic 
but  one  of  many 
JUT  engineers  and 
equipped  plant 


produced  in  our 


type  BBR  are  now  available  and  are 
completely  described  in  Bulletin 
100-424. 


Timing  Motor  (20) 

A.  W.  Haydon  Co.,  Ill  West  Main 
St.,  Waterbury  32,  Conn.  An  ac- 


1910  N.  Front  Street,  Philadelphia  22,  Pa 
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SERVICING . . . 


is  easier  with  SNC  quality  transformers 


ivory  SNC  transformar  i< 
b«IH  la  olaadar^a 

far  fiaatt  yarfaraiaaca. 


Comprehensive  research  done  by  SNC  in 
the  held  of  transformer  requirements  has 
produced  a  line  outstanding  for  its  sturdy 
quality,  superior  design,  simplicity  and  wide  range 
of  usefulness. 

Both  engineers  and  servicemen,  particularly 
those  in  the  radio  field,  find  their  work  made 
easier  due  to  the  absence  of  duplication  or  overlap 
in  SNC  transformer  specifications.  And  balanced 
design,  skilled  workmanship,  and  finest  materials 
praaically  eliminate  the  problem  of  rejeas. 

It  will  pay  you  to  investigate  SNC!  Write  for 
free  catalog,  today. 

R«m«mber!  SNC  gives  MORE  applications  with 
SMALLER  inventories  for  GREATER  profits! 


i[y|[p  MANJVMCTU 


CTURING  CO*,  INC. 

WEST  LAKE  AVE.  NEAR  LEHIGH  •  GLENVIEW,  ILLINOIS 
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WAR  ASSETS  ADMIIVISTRATIOX 


NEW  ORLEANS,  LA. 
Southarn  Eledronic  C*. 
512  SI.  ChorlM  SI. 


BOSTON,  MASS. 

AwtomoMc  Radio  Mfg.  Co, 
Inc. 

m  Brooklino  Avo. 
Technical  Apporalut  Co. 
165  Woihingten  SI. 


NEW  YORK,  N.  Y. 

Carr  Indutiriae,  Inc, 

1369  Arionlic  Avo., 
RTilyn. 

Electronic  Carp,  of  Amorico 
353  W.  4Slh  SI. 

Emartan  Radio  A 
Phonograph  Carp. 

76— 9lh  Ave. 

Oenerol  Eladronics,  Inc. 
1B19  Broadway 

Hammorlund  Mfg.  Co.,  Inc. 
460  W.  34lh  St. 

Johonni  A  Keogon  Co.,  Inc. 
62  Pearl  Si. 

Noworh  Elociric  Co,,  Inc. 
242  W.  S5lh  SI. 

SmHh-Mookor  Enginoaring 
Co. 

125  Barclay  Si. 


BUCHANAN,  MICH. 
Electro-Vaico,  Inc. 
Carroll  A  Cecil  Sly. 


JOBBERS 

WHOLESALERS 

The  War  Assets  Administration,  through  its  network 
of  Approved  Distributors,  is  offering  electronic  tubes, 
devices  and  equipment  which  were  declared  surplus 
by  the  Armed  Forces.  Take  advantage  of  this  great 
opportunity  to  fill  your  present  and  future  needs  at 
fraction-of-cost  prices.  Most  inventories  still  permit 
wide  selection. 

Purchasing  of  this  equipment  has  been  simplified 
to  a  high  degree.  The  WAA  Approved  Distributors 
listed  at  right  were  appointed  on  a  basis  of  their 
ability  to  serve  you  intelligently  and  efficiently.  Write, 
’phone  or  visit  your  nearest  Approved  Distributor  for 
information  concerning  inventories,  prices  and  de¬ 
livery  arrangements.  You’ll  find  you  can  “Save  with 
Surplus.” 


CANTON,  MASS. 

Tobo  Doultchmann  Ceip. 
B63  Wothinglon  SI. 


CHICAGO,  ILL. 

Amorican  Condonior  Co. 
4410  N.  Ravonaweod 
Avo. 

Bolmonl  Radio  Corp. 
3633  S.  Rocino  Avo. 


EMPORIUM,  PENNA. 

Sylvonia  Elociric  Producft, 


FORT  WAYNE,  IND. 
Ettox  Wiro  Cerp. 
1601  Wall  SI. 


NORFOLK,  VA. 

Radio  Peals  Ditiribuling  Co, 
128  W.  Ohtoy  Rood 


HOUSTON,  TEXAS 

Navigolioii  nstrumoni  Co. 
Inc. 

P.O.  Box  7001, 

Hoighit  Slolion 


ROCHESTER,  N.  Y. 

W.  A  H.  Aviation  Corp. 
Municipal  Airport 


LOS  ANGELES,  CAUF. 
Colo  Inilrumont  Co. 

1320  S.  Grand  Avo. 
Hoffman  Radio  Corp. 
3761  S.  Hill  SI. 


SALEM,  MASS. 

Hytron  Radio  A  Bodronics 

76  LaFoyoMo  SI. 


SCHENECTADY,  N.  Y. 
Gonoral  Elociric  Co. 

Bldg.  267,  1  Rivor  Rood 


NEWARK,  N.  J. 

National  Union  Radio  Corp. 
S7  Slate  Si. 

Standard  Arctvrus  Carp. 

99  Sussox  Avo. 

Tung-Sol  Lamp  Woriit,  Inc. 
9S— Bth  Avo. 


Offices  located  at:  Atlanta  •  Birmingham  •  Boston  •  Charlotte  •  Chicago  •  Cincinnati 
Cleveland  •  Dallas  •  Denver  •  Detroit  •  Fort  Worth  •  Helena  •  Houston  •  Jacksonville 
Kansas  City,  Mo.  •  Little  Rock  •  Los  Angeles  •  Louisville  •  Minneapolis  •  Nashville 
New  Orleans  •  New  York  •  Omaha  •  Philadelphia  •  Portland,  Ore.  •  Richmond 
SLLouis  •  SaltLakeCity  •  SanAntonio  •  San  Francisco  •  Seattle*  Spokane  •  Tulsa 


WASECA,  MINN. 

E.  P.  Johnson  Co. 

206— 2nd  Avo.,  S.  W. 
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NEW  PRODUCTS 


(continusd) 


A  KESTER  FLUX 

for  Every  Soldering  Job! 


curate,  reversible,  variable  speed 
timing  motor  that  operates  on  di¬ 
rect  current  with  current  consump¬ 
tion  of  less  than  100  ma  is  suitable 
for  connecting  to  the  output  of  an 
amplifier.  Speeds  up  to  1,800  rpm 
are  possible  as  well  as  one  revolu¬ 
tion  an  hour. 


•  For  every  soldering  operation  that  requires  a 
separate  flux,'  there’s  a  Kester  Flux  in  the  exact 
formula  to  do  the  best  job.  Kester  Fluxes  are 
laboratory  tested,  and  manufactured  to  eliminate 
the  risk  of  failure  in  any  solder  requirement. 


Beach  Manufacturing,  Inc.,  Ingle¬ 
wood  3,  California,  has  a  new  model 
1700  variable  frequency  oscillator. 
Using  an  improved  type  of  electron 
coupled  circuit,  it  maintains  the 
cathode  at  ground  potential  and  al¬ 
most  completely  eliminates  fre¬ 
quency  shift  due  to  voltage  varia- 


•  Nearly  half  a  century  of  research  in  the  labora¬ 
tory  and  practical  experience  in  the  plants  of 
industrial  users  have  provided  Kester  engineers 
with  the  basis  for  the  scores  of  flux  formulas 
Kester  manufactures  for  industry  today. 


•  This  huge  fund  of  flux  and  solder  knowledge  is 
at  your  disposal.  Write  fully  at  any  time  for 
prompt  assistance  on  any  solder  question.  There 
is  no  obligation. 


KESTER  SOLDER  COMPANY 


4204  Wrightwood  Av«.,  Chicago  39,  Illinois 

Eastern  Plqnt:  Newark,  N.  J.  Canadian  Plant:  Brantford,  Ont, 


Marion  Electrical  Inste 
Co.,  Manchester,  N.  H.  Ap] 
to  all  but  the  Hermetic  lint 


ip 

ai 

lU 

j 

mmS 

100,000  VOLT 


.01  Microfarads 


Filter  CAPACITOR  Unit 


for  the  Princeton  University 


CYCLOTRON 


Part  of  o1l-fill«d  powar  ^  m  ^ 


NOW  AVAILABLE! 


N«w  illustrated  technical  booklet  on  uses  of  PLASTICON*  GLASSMIKES 

Obtain  from  yonr  local  dittribntor  or  enclose  ten  cents  for  handling  and  mailing  when  ordering  direct. 


*PLASTICONS— Plastic  Film  Dielectric  Capacitors 

Order  PLASTICONS*  from  your  jobber.  If  he  cannot  supply  you,  order  direct. 

^Condenser  products  Companu 


I97S  NORTH  BRANCH  STRUT  •  CHICAGO  22*  IlllNOIS 


>vi(A 
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NEW  PRODUCTS 


(continued) 


struments,  a  new  Lucite  insert 
makes  possible  the  uniform  illumi¬ 
nation  of  meter  dials  in  all  2h  and 
Si  inch  round  and  square  types. 
White  translucent  dials  are  used  in 
the  new  line. 


FOR 

RUGGED,  POSITIVE 
ACTION 


Television  Generator  (2S) 

All  Power  Transformers,  Ltd., 
8A  Gladstone  Road,  Wimbledon 
SW  19,  England.  The  model  300 
television  generator  was  designed 
for  research  and  developmental 
work  and  gives  a  complete  televi¬ 
sion  test  signal,  available  either  as 


Sturdy  construction  for  dependable  performance  .  .  .  positive 
action  every  time  .  .  .  through  years  'of  use  and  abuse.  Top 
appearance,  too  on  the  beam  for  sales  appeal  to  the  ultimate 
consumer.  That’s  ‘'Diamond  H”  electrical  equipment. 

The  switch  illustrated  was  designed  principally  for  day-in, 
day-out  service  pn  household  ranges.  It  has  however,  a  host  of 
other  applications- —  from  glue  pots,  corn  poppers  and  hot 
plates  to  ovens,  sterilizers  and  steam  tables. 


a  video  signal  or  as  a  modulated 
45-megacycle  carrier.  The  equip¬ 
ment  sells  in  Britain  for  1,500 
pounds  Sterling.  A  less  expensive 
model  for  factory  testing  is  now 
in  production,  also. 


Eight  position  switch  with  heavy  silver  contacts.  15  A.  115  V. 
or  15  A.  230  V.  A.C.  Other  range-type  switches  with  4  and  6 
positions,  or  designed  to  meet  your  requirements. 


Mine  Radiophone  ^24) 

Farmers  Engineering  and  Mfg. 
Co.,  549  Brushton  Ave.,  Pittsburgh 


Let  us  talk  switches  in  terms  of  your  requirements.  We  make 
a  complete  line.  Ask  about  “Diamond  H’’  pilot  lights,  con¬ 
venience  outlets  and  thermostats. 


THE  HART  MANUFACTURING  COMPANY 

202  BARTHOLOMEW  AVENUE,  HARTFORD,  CONN. 


ELECTRONICS 


.  T 


TBE  rCEBERC  REFRIGERATED  LOCKER  COMPANY'S 
equipment  for  frozen  food  storage  is  made  up 
in  combinations  of  basic  units  like  this  S-section 
(10  six-cubic-foot  drawers  to  a  section)  locker. 


The  complicated  assembly  of  the  drawer  of  the  ice¬ 
berg  REFRIGERATED  LOCKER  .  .  .  made  without  driver 
skids  to  injure  work  or  hands,  thanks  to  Phillips  Screws. 
Most  of  the  thousands  of  Phillips  Screws  used  in  this 
assembly  are  Type  “A”,  self-tapping,  and  are  power 
driven  up,  down,  and  sideways. 


Summary  of  report  by  James  O. 

Peck  Co.,  independent  investigators,  of 
assembly  savings  made  with  Phillips  Screws 
.  .  .  another  in  the  series  of  assembly  studies 
at  prominent  plants. 
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PHILLIPS!^  SCREW. 


Wood  Screws  •  Machine  Screws  •  Self-tapping  Screws  •  Stove  Bolts 

American  Screw  Ce.  Pheell  Manufacturint  Ce. 

Central  Screw  Ce.  Readint  Screw  Ce. 

Ccntinental  Screw  Ce.  ^  Ruccell  Burdcall  S  Ward 

Cerbla  Screw  Die.  ef  _  ^  Belt  &  Nut  Ce. 

American  Hdwe.  Core.  Scevlll  Manufacturine  Ce. 

Elce  Teel  &  Screw  Cera..  Shakeareof  Inc. 

The  H.  M.  Haraer  Ce.  ^  The  SeuthIniton  Hardware  Mft.  Ce. 

International  Screw  Ce.  National  Screw  &  Mf|.  Ce.  *****  C*'***"y  •*  Canade.  Ltd. 

Lamcen  K  Seeclent  Ce.  New  Enfland  Screw  Ce.  Sterllnf  Belt  Ce. 

Milford  Rivet  and  Machine  Ce.  Parker- Helen  Ceraeratlen  Strenaheld  Screw  Preductc.  Inc. 
National  Leek  Ce.  Pawtucket  Screw  Ce.  Wolverine  Belt  Cemanny 


•  “We  manufacture  these  units  for  the  Iceberg  Refrigerated 
Locker  Systems,  Inc,”  explained  the  assembly  head  of  The 
Globe  Wernicke.  “Our  engineering  department  specified 
Phillips  Screws  throughout,  and  we’re  glad  they  did. 


Send  me  reports  on  Asaembly  Savings  with  Philli{>s  Screws. 


Name 


"Scivt  US  $50  worth  of  ossombly  timo  por  unit.  We  can  take  full 
advantage  of  power  drivers  with  Phillips  Screws.  No  finder 
is  needed  and  there’s  no  fumbling  such  as  we’d  have  with 
slotted  screws.  Since  each  unit  requires  thousands  of  screws, 
$50  is  a  conservative  estimate  of  how  much  we  save  per  unit 
by  using  Phillips  Screws. 

"Upsido  down  or  sidtwoys. . .  Mokos  no  difforonco.  Screws  are 
driven  with  the  unit  in  one  position  so  that  much  of  the 
driving  is  sideways  or  upside  down.  Difficult  with  slotted 
screws  but  very  easy  with  Phillips  Screws. 

''No  gouging  or  burring.  Before  we  settled  on  Phillips,  we  tried 
out  a  lot  of  other  type  screws  and  found  the  driver  would 
jump  out  and  gouge  the  Masonite  panels  or  burr  the  heads. 
Phillips  Screws  ended  that,  gave  us  better  driving  time  with 
our  power  drivers.” 

Htip  yoursolf  to  monoy-saving  idoos  for  your  assembly  opera* 
tions.  Write  for  the  full  report  on  The  Globe  Wernicke  Co. 
and  other  assembly  studies  . . .  covering  metal,  wood  and 
plastic  products.  Use  the  coupon. 


Company 

Addreea 


Phillips  Screw  Mfrs.,  c  e  Horton*Noyes 
1800  Industrial  Trust  Bldg., 
Previdencu,  R.  I. 


NATIONAL  RADIO  SERVICE  CO 


Baltimore  13,  Md 


l•ift•r»town  Rd.  A  Cold  Spring  Lone 


NEW  PRODUCTS  (continued) 

21,  Pa.  A  rugged  f-m  carrier-cur¬ 
rent  telephone  using  power  from  a 
mine  trolley  wire  can  be  used  suc¬ 
cessfully  up  to  abput  6  miles.  The 
system  uses  a  frequency  of  100  kc 
and  employs  standard  tubes.  All 
units  plug  in  for  ease  in  servicing. 
Descriptive  literature  is  available. 


Pressure  Connectors  (25) 

The  Thomas  &  Betts  Co.,  Inc.,  36 
Butler  St.,  Elizabeth  1,  N.  J.  De¬ 
velopment  of  the  No.  25  insulated 
splice  has  been  announced  as  the 
latest  addition  to  the  company’s  line 
of  pressure  connectors.  Made  of 


seamless  bronze,  it  is  protected  with 
a  translucent  high  dielectric  plas¬ 
tic  insulation  that  is  impervious  to 
oil,  grease,  water,  chemicals  and 
acids. 


imilt  to  rigid  U.  5.  Govommont  SpoeMeatleos 

SPECIFICATIONS 


INPUT— 115  V.  56-60  cycU 

REGULATIONS — Less  than  1/20  volt  change  in  output  voltage  with  change  of  from 
100-140  V.A.C.  input  voltage  &  from  NO-LOAD  to  FULL-LOAD  (over  very  wide 
latitude  at  center  of  variable  range) 

RIPPLE — less  than  5  millivolts  at  all  loads  and  voltaoes 

DIMENSIONS— Rts  any  standard  rack  or  cabinet  (overall:  19  in.  wide:  W/4  in.  high; 
II  in.  deep:  shipping  wt. — 100  pounds) 

TYPf  A— VARIABLE  FROM  210  TO  335  V.  D.  C.  ®  400  M.  A. 

TYPE  B1— VARIABLE^TWO  RANGES:  400-600  V.  D.  C.  ®  125 
M.  A.  and  600-B90  V.  0.  C.  ®  125  M.  A. 

CONSTRUCTION  FEATURES 


Attenuators  (26) 

The  Daven  Company,  191  Central 
Avenue,  Newark,  N.  J.  announces 
an  improved  feature  in  its  line  of 
attenuators.  Two  oilite  bearings  are 


OtLITI  ttAR  M6« 


Weston  model  301  (or  equal)  milliammeter  and  voltmeter  •  Separate  switches,  pilot 
lights,  and  fuses  for  FIL  and  PLATE  VOLTS  •  All  tubes  located  on  shockmount  assemblies 
•  Fuses  mounted  on  front  panel  and  easily  accessible  •  Can  vary  voltage  by  turning 
small  knob  on  front  of  panel.  Can  easily  modify  Type  Bl  from  POSITIVE  to  NEGATIVE 
output  voltage  G  Individual  components  numbered  to  correspond  with  wiring  diagram. 
Rigid  construction:  components  designed  to  withstand  most  severe  military  conditions — 
physical  and  electrical;  were  greatly  under-rated. 

All  units  checked  and  inspected  at  150%  rated  load  before  shipment. 

T«fc.  S.IType  A:  2-536;  6-6L6:  2-6SF5;  1-VR150!  1-VR1U5 

TeOe  eomplemanr.  ,,  j.g,*.  2-616:  2-6SF5:  1-VR150:  1-VR105 


provided  on  each  unit,  one  at  the 
switch  end  and  the  other  at  the  de¬ 
tent  end,  made  of  an  oil-impreg¬ 
nated  metal.  The  unit  is  free-turn¬ 
ing,  nonbinding.  There  is  no  addi¬ 
tional  cost  for  this  new  feature. 


TYPE  El— $185.00 

■Prices  subfect  to  ebeege  wltbeet  eoHee 


TYPE  A— $189.00 

Complete  with  tubes  and  ready  to  plug  ii 


Photoelectric  Actuator  (27) 

Globe  Industries,  Inc.,  125  Sunrise 
Place,  Dayton  7,  Ohio.  Weighing 
less  than  pounds,  a  portable  pho- 
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MARION  ELECTRICAL  INSTRUMENT  CO 

MANCHESTER,  NEW  HAMPSHIRE 


Turn  your  special  instrument 
problem  over  to  Maria's 
newSHOITT  RUN  SHOP 

for  a  fast,  economical,  precise  solution 


you  can  get  the  improved  performance  possible  only  with  custom-engineered 
electrical  indicating  instruments,  at  moderate  cost .  .  .  without  having  to  buy  in 
production  quantities!  Marion’s  highly  specialized  facilities  can  help  you  to 
improve  your  product’s  performance  and  sales  appeal. 


HERE’S  HOW  MARION  CAN 
OFFER  YOU  THIS  SERVICE... 


HOW  THe  SHORT 
program  works... 

RtWSpeeifiJ.jy®''''  SHORT 

'■Miirn  it  to  us  ^“'^‘'""''aireand 
jobber  or  direct  with',  **’  >'■>“>• 

“•■erojtc  of  ' 

eeive  your  oider  if  u  ii  u 

/^ouldyou^RTm^:^.^^ 

be  specified  for  n  "^*”***  “’ 
luantities,  we  will  k  P'o<^iiction 

:'«''^ourrec,;:ilt-P«fo„to 
Jdttional  detiils  ^or 

progrIm  Th?*' 

^  *’'farion  SHORT  Rr^v*^ 

■oQ«os.io„„aire,see„±f.'r.^'«^‘*- 


We  have  opened  our  SHORT  RUN  SHOP 
for  the  production  of  special  instruments  to 
meet  your  specifications  —  precision-built 
units  that  you  can  buy  in  sample  lots  with  a 
minimum  of  red  tape. 

If  you’ve  been  developing  instruments 
with  special  characteristics  in  your  own 
workshop  or  laboratory  you’ll  appreciate  the 
savings  in  time,  money  and  materials  that 
our  modern,  completely  equipped  SHORT 
RUN  SHOP  can  achieve  for  you.  And  you’ll 
enjoy  working  with  fine,  precision  instru¬ 
ments  developed  by  one  of  the  nation’s 
leading  manufacturers  of  electrical  indi¬ 
cating  instruments.  Your  Marion  specials 
will  give  the  utmost  in  satisfaction,  service 
and  value  .  .  .the  same  high  standard  of 
performance  that  has  identified  the  regular 
line  of  Marion  instruments  for  vears. 
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NEW  PRODUCTS 


(continued) 


HVN,  IMPROVED  I  VUE  FOR 

PARA‘Fi.UX  REPRODUCERS 


(Trado-Mork) 


toelectric  unit  comprises  photoelec¬ 
tric  tube,  miniature  amplifier  and 
a  sensitive  relay.  Batteries  are  self- 
contained  and  a  control  to  adjust 
for  ambient  light  conditions  is  fur¬ 
nished.  A  receptacle  at  the  top  of 
the  unit  malces  it  useful  as  a  light 
operated  switch  for  other  appliance. 


Flexible  wire  leads 


zontal  fulcrum 


Prene  for  silent 


swivel  base. 


Tone  arm  resting  ““ 
stand  supplied  with 
each  arm  matching 
design,  equipped  with  durable, 
spring  clip  which  prevents  arm 
from  being  knocked  on  to  turn¬ 
table. 


Simple,  single 

ing  set  screw  (in  the 

swivel  base  above 

the  turntable  base)  allows  quick, 

convenient  height  adjustment  of 

tone  arm  level. 


All  parts  cast  from 
aluminum  by  new, 
precision  dies,  under 
high  pressure. 


Here's  a  new,  tm|5roved  Tone  ARM,  model  A- 16,  now  available  to  users  of 
PARA-FLUX  REPRODUCERS.  It’s  a  clean-cut,  highly  engineered  job  that  em¬ 
bodies  unique  features  for  finer,  smoother  operation.  All  parts  are  now  die- 
cast.  Embodies  new  Arm  Stand  for  ease  in  handling. 

Doing'one  thing  well  .  .  .  specialized  engineering  in  the  design  and  manu¬ 
facture  of  PARA-FLUX  REPRODUCERS  .  .  .  has  enabled  us  to  achieve  this  most 
efficient  TONE  ARM  and  interchangeable  REPRODUCERS  for  affording  the 
most  realistic  reproduction  of  transcriptions. 

Our  old  tone  arm  offered  many  advantages  as  evidenced  by  more  than 
1500  now  in  service  at  AM  and  FM  stations.  Users  can  now  exchange  these 
old  arms  for  the  new  Model  A- 16  Arm  at  a  cost  of  only  $15.00  .  .  .  and  can 
have  the  advantages  of  these  latest  refinements  by  returning  the  old  arm 
either  to  us,  or  any  jobber,  listed  below,  and  immediately  obtain  a  new  Arm, 
without  delay. 

R’MC  AUTHORIZED  STOCKING  JOBBERS: 

Albany,  N.  Y.— E.  E.  Taylor  Co. 

Allantown,  Panna. — Radio  Elactrlc  Sarvlca  Co. 

Athavllla,  N.  C. — Frock  Radio,  Rofrigoratlon  t  Supply  Co. 

Atlanta,  Ga. — Specialty  DIst.  Co. 

Augusta,  Ga. — Prostwood  Eloctronics  Co. 

■Inghamton,  N.  Y. — Fodoral  Radio  Supply 
Boston,  Mau. — DoMambro  Radio  Co. 

Boston,  Mass. — Radio  Wira  Telavision  Co. 

Buffalo,  N.  Y. — Dymac  Inc. 

Charleston,  S.  C. — Radio  Laboratories 
Chattanooaa,  Tenn. — W.  B.  Taylor  Co. 

Chicago,  III. — Concord  Radio  Corp. 

Chicago,  III. — TrI-Par  Sound  Systems 
Chicago,  III. — ^Walker-JImieson,  Inc. 

Chicago,  III. — Newark  Elactrlc  Co. 

Los  Angeles,  Calif. — Radio  Products  Sales,  Inc. 

Los  Angeles,  Calif. — Radio  Specialties  Co. 

Milwaukee,  Wis.— Radio  Parts  Co.  Inc. 

Madison,  Wise. — Satterfield  Radio  Supply  Co. 

Philadelphia,  Panna. — Algene  Radio  and  Sound  Co. 

Portland,  Ore. — United  Radio  Supply 
Quincy,  III.— Gates  Radio  Co. 

Roanoke,  Va. — Leonard  Electronics 
Rochester,  N.  Y. — Rochester  Radio  Supply 
San  Diego,  Calif. — Coast  Electric  Co. 

San  Francisco,  Calif. — San  Francisco  Radio  Supply  Co 
Scranton,  Pa.— Fred  P,  Pursell 
Topeka,  Kansas — John  A.  Costalow  Co. 

Tuckahoe,  N.  Y. — Electronicraft 
Washington,  D.  C. — United  States  Recording  Co. 

Winston-Salem,  N.  C. — Dalton  Hega 

Descriptive,  Illustrated  Bulletin  PR6,  upon  request 


Bud  Radio,  Inc.,  2118  East  55th  St, 
Cleveland,  Ohio.  The  VFO-21  is  a 
variable  frequency  oscillator  unit 


with  plug-in  coils,  high  stability  and 
provision  for  switching  to  crystal 
operation. 


Universal 

Reproducer 


Subminiature  Triode  (29) 

Raytheon  Mfg.  Co.,  60  East  42nd 
St,  New  York  17,  N.  Y.  The  type 
CK608CX  subminiature  triode  has  a 
high  mutual  conductance  and  a 


Lateral 

Only 

Reproducer 


RADIO-MUSIC 

CORPORATIOIS 

EAST  PORT  CHESTER,  CONN. 


Vertical 

Only 

Reproducer 
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This  is  the  house 
to  buiid  Magnets 


Built  to  meet  the  growing  needs  of  an  Electronic  Era,  this  new 
plant  was  planned  from  the  ground  up  for  the  exrlusive  pro¬ 
duction  of  special  magnetic  materials  such  as  Cunife,  Cunico, 
Vectolite,  Silmanal,  Indalloy,  sintered  Alnico  and  permanent 
magnet  assemblies.  Because  of  the  vast  developmental  facil¬ 
ities  involved  in  their  production,  these  modern  high-energy 
magnetic  products  provide  industry  of  today  with  a  flexible 
and  advanced  component  which  expands  the  scope  of  the 
widely  effective  cast  Alnicos. 

See  early  advertisements  for  specific  information  regarding 
these  materials. 

©1947,  The  Indiana  Steel  Products  Co. 


^  The  detigning  of  this  plant  was  no 
specialized  than  the  designing  of 
a  magnet  itself  for  special  use.  The 
experience  gained  in  nearly  one-half  cen¬ 
tury  as  the  world's  largest  sole  producer  of 
permanent  magnets  uos  utilized  in  the  cre¬ 
ation  of  this  plant  at  Chauncey,  Westchester 
County,  New  York. 


THE  INDIANA  STEEL  PRODUCTS  COMPANY 


2) 

ist 

wo 

ish 


PKOOUCiRS  OF  ''PACKAGiD  BNIRGV” 

A  NORTH  MICHIGAN  AVBNUI  *  CHICAGO  2,  ILL, 


SPICIALISTS  IN  PIRMANINT  MAGNCTS  SINCi  1910 

<  VALPARAISO,  INDIANA 
PLANTS  ^  CMAUNCiV,  N.  Y. 


ICS 
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THE  VICTOREEN  INSTRUMENT  CO 

5806  HOUGH  AVENUE* 

Ct  E  VEl  AEJD  8.  OHIO 


NEW  PRODUCTS  (continu«d) 

200-ma  6.3-v  heater.  It  will  put 
out  a  watt  of  radio-frequency  power 
at  about  25  percent  efficiency  in  the 
band  between  460  and  470  mega¬ 
cycles.  Reduced  output  can  be  ob¬ 
tained  up  to  800  megacycles.  The 
oscillator  is  illustrated  atop  the 
power  supply. 


Subminiature 
electrometer  tubes 


Geiger-Muelier 
Counters  . 


Carbon  Mike 


Universal  Microphone  Co.,  Ingle¬ 
wood  2,  Calif.  The  A174  cartridge- 
type  carbon  microphone  is  light  in 


Sharing  the  problem  of  nuclear  measurement 


Consider  tkeso  factors  for  rosoarch 
.  .  .  laboratory  .  .  .  production: 

1.  Low  filamnnt  drain  10  mnilamporat. 

2.  Hiqh  input  rasiitanca  10'*  ohms. 

3.  Varsatility  in  instrumentation  for  chem¬ 
ical,  oil,  nuclear  physics  research,  ate. 

4.  Ideal  for  alectrometar  applications. 

5.  Extrema  portability — low  battery  drain. 


The  V6  series  mica  window  Gaiqar-Muallor 
Counters  are  of  precision  workmanship  and 
superior  design.  Exacting  production  controls 
assure  a  counter  held  within  close  tolerance 
limits.  Designed  to  meet  the  ever  increasing 
demand  for  reproducibility  of  tracer  measure¬ 
ments. 


weight,  uses  a  single-button  con¬ 
struction  and  has  a  high  output 
level.  Impedance  rating  is  200  ohms. 


I-F  Converter 


Victoreen  hi-megohm  resistors  are  specially  designed  for  the  hard  applications 
where  stability  with  long  life  is  required.  Designed  for  laboratory  use  and 
fine  instrumentation.  Vacuum  sealed  in  glass  to  cover  a  range  of  100  to 
10,000,000  megohms. 

Write  for  technical  data  booklet  on  tubes  and  resistors. 


Measurements  Corp.,  Boonton,  N. 
J.  The  model  M-275  converter  is 
designed  for  use  with  the  model 
78-FM  standard  signal  generator. 


Mueller 


A  complete  Geiger-Muelier  counting  system  and  a  top  ranking  labora¬ 
tory  instrument.  It  utilizes  a  scale  of  64  with  provisions  for  switching 
to  a  scale  of  8.  A  built-in  a.c.  power  supply  provides  voltages  con¬ 
tinuously  variable  from  0  to  2000  volts.  Two  new  Victoreen  gaseous 
voltage  regulator  units  and  a  reliable  impulse  register  are  included. 
Complete  and  convenient  front  panel  switching  and  control. 


The  converter  makes  available  fre¬ 
quencies  in  the  ranges  4.5, 10.7,  21.7 
megacycles  by  the  beat-frequency 
method.  Modification  of  the  model 
78-FM  is  made  externally. 


Latching  Snap  Switch  ^32) 

Unimax  Switch  Corp.,  460  West 
34th  St.,  New  York  1,  N.  Y.  Two 
new  snap-action  switches  establish 
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NEW  fRODUCTS  (continuad) 

volts  in  one  to  three  circuits  are  be¬ 
ing  manufactured  for  door-interlock 
and  similar  use.  Special  units  for 
higher  voltages  are  available  on  or¬ 
der. 


Positioning  Control  (35) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  A  new  electronic  posi¬ 
tioning  control  available  in  pack¬ 
aged  form  consists  of  a  control  sta¬ 


tion,  follow-up  device  (either  a  sel- 
syn  or  potentiometer),  and  a  control 
panel.  The  system  can  be  used  as  it 
stands  for  drives  up  to  horse¬ 
power. 


Crystal  Cartridge  (36) 

The  Brush  Development  Co., 
3405  Perkins  Ave.,  Cleveland  14, 
Ohio.  The  new  BR-903  PN  crystal 
phonograph  pickup  cartridge  has 


been  engineered  to  withstand  heat 
and  humidity  to  a  much  greater  ex¬ 
tent  than  the  standard  line  of  crys¬ 
tal  pickups,  even  to  the  extent  of 
being  servicable  after  boiling  in 
water. 


Photoelectric  Counter  (37) 

Ripley  Co.,  Inc.,  Middletown,  Conn. 
The  No.  153  photoelectric  counter, 
operating  on  a  115-volt,  60-cycle  cur- 


TEAMED  FOR 


PERFECT  HEARING  COMFORT 


uo  N  OS  E  ' 


by  TELEX 


transcriber 

SOUNDSCRIBE*^ 


•  Here’s  beautiful  efficiency:  the  TELEX 
MONOSET  teamed  with  the  SoundScriber  to 
/^|f  increase  transcribing  speed  and  comfort! 

^  Y  The  TELEX  MOSOSET  is  the  modern  an- 

f*  ^  swer  to  many  similar  headphone  requirements 

ojl  because: 

Amm  •  The  MONOSET  ends  ear  fatigue  by  sensi- 
ble  under-the-chin  design. 

/  •  The  MONOSET  can  be  worn  comfort¬ 

ably  for  hours — it  weighs  only  1.2  oz. 

•  The  MONOSET’s  new  built-in  volume 
control  allows  convenient  adjustment  of 
signal  to  user. 

Precision  engineering  gives  the  TELEX  MONOSET  ex¬ 
cellent  fidelity.  Its  rugged  design  invites  a  wide  variety 
of  commercial  and  laboratory  applications. 


Write  Department  AO  for  information  and  quotations.  WeTl  be  happy  to 
show  you  how  the  TELEX  MONOSET  can  become  part  of  your  team 
for  perfect  hearing  comfort. 

..ntwe  AT  ITS 


Canadian  Disfribufort; 

Addison  Industries,  Ltd.,  Toronto 


TELEXinc. 

ELECTRO-ACOUSTIC  DIVISION 
TELEX  PARK 
Minn. 
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FM  and  STANDARD 
BROADCASTERS 


(continued) 


NEW  PRODUCTS 


tenure  this  low-mass  playback  arm 
hr  respoase,  fidelity  aad  ecoaomy! 


the  circuit  by  momentary  applica¬ 
tion  of  force  and  maintain  it  until  a 
restoring  force  is  provided.  Regular 
electrical  ratings  of  15  amp  and  125 
volts  at  60  cycles  are  provided. 


The  Gray  Professional  Transcription  Arm — the 
result  of  exhaustive  research  in  collaboration 
•  with  nationally  recognized  authorities  on  pick-up  design 
and  audio  rept-oduction — meets  all  critical  requirements 
of  high  compliance  reproducers.  It  represents  the  only 
professional  arm,  regardless  of  price,  that  was  capable  of 
perfectly  tracking  the  warped  records  used  in  a  recent  test. 
The  Gray  Playback  arm  has  already  been  adopted  by  two 
of  the  nation's  four  largest  broadcasting  networks  as  stand¬ 
ard  equipment.  It  is  furnished  with  or  without  a  cartridge, 
yet  is  designed  to  accommodate  all  modern  reproducers  of 
standard  make — G.  E.  Variable  Reluctance,  the  new  Pick¬ 
ering,  and  the  better  crystal  types  by  Shure,  Astatic,  etc. 
Stylus  pressure  is  adjustable  over  a  wide  range.  This  feature 
allows  regulation  for  optimum  pressure  for  the  particular 
cartridge  in  use  and  greatly  reduces  record  wear  and  surface 
noise.  Prico  ^Without  cartridge)  $35.00. 

Gray  High-Fidelity  Equalizer  for  Radio  Stotion  Use  — 

The  Equalizer  illustrated  is  specially 
designed  for  use  with  the  Gray  Play- 
Y  hack  Arm  and  C.  E.  Variable  Re- 

luctance  Cartridge.  a 

and  matches 
the  to  a  ohm 

channel.  This  equalizer  has  also  been 
adopted  by  the  radio  networks  men- 
T  tinned  above  and  is  priced,  complete 

with  indicating  dial,  at  $42.50. 


A-M  and  F-M  Signal 
Generator  (33) 

McMurdo  Silver  Co.,  1249  Main 
St.,  Hartford  5,  Conn.  The  model 
906  signal  generator  covers  the  fre¬ 
quencies  between  90  kc  and  170  me 
on  fundamental  output.  Amplitude 
modulation  at  400  cycles  is  pro¬ 


vided.  Frequency  modulation  out¬ 
put  between  90  kc  and  210  me  can 
be  made  to  swing  (twice  deviation) 
from  zero  to  500  kc.  Output  from 
less  than  a  microvolt  to  1  volt  is 
provided. 


2-Speed,  Synchronous  Gear  Drive  Recording  ond  Transcription  Table  — 

Cray  Transcription  Recording 

Tables  a  syn- 

^  rhronous  gear  exclnaive  de- 

sign.  direct 

drive  effectively  eliminates  the 
curacy,  slippage  and  excessive  wear 
usually  associated  with  indirect  drive. 
Speed  selection 
s|)eed 

lift  allows  the  table  to 
I  he 

to  a 

lag. 

An  Overhead  Recording  Driye 
continuously  variable  pitch,  automatic 
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Safety  Switch  (34) 

J.  H.  Bunnell  and  Co.,  81  Prospect 
St.,  Brooklyn  1,  N.  Y.  Switches  de¬ 
signed  to  break  10,000  and  20,000 


SOUND  IFFECTS  CQUIPMtNT  includes  a  Variable  Speed  Turn¬ 
table.  15-160  rpni ;  an  Automatic  Precueing  Spotting  Device;  a  Sound 
l>fferts  Arm  with  Stylus  light,  plug-in  cartridge,  etc.;  and  a  Dial  Groove 
Indicator.  . 


ELMSFORD  •  WESTCHESTER  COUNTY  •  NEW  YORK 


ELECTRONICS 


RAYTHEON 


•  OUTPUT  VOLTAGE  CONTROLLED  to  within 
±.  V4%. 

•  STABILIZATION  AT  ANY  LOAD  within  rated 
capacities. 

•  QUICK  RESPONSE . . .  varying  input  voltage 
stabilized  within  1/20  second. 

•  ENTIRELY  AUTOMATIC ...  no  adjustments,  no 
moving  parts,  no  maintenance. 


as  well  as  4-contact  miniature  con¬ 
nectors  and  the  mounting  control 
illustrated  for  high-voltage  circuits. 
The  type  401  control  standoff  fits  all 
standard  variable  resistors. 


V-T  Voltmeter  (40) 

Electronic  Instrument  Co.,  926 
Clarkson  Ave.,  Brooklyn  3,  N.  Y. 
The  model  210  vacuum  tube  volt¬ 
meter  and  visual  signal  tracer 
measures  d-c  up  to  5,000  volts  and 
a-c  up  to  1,000  volts.  Resistance 


/  MAYTHtOM  MANUFACTURINO  COMPANY 

'  COMMFRC/Al  PRODUCTS  DIVISION 

WAITMAM  S4,  MASSACMUSRTTS  i 

In^ntrlal  and  Commercial  Fl0ctronic  C^uipmont,  m 
Broadca$t  Fquipmonf,  Tubas  and  Aeeassortas  M 
Salas  ONcast  Atlanta.  Boston,  Chicago, 

Clavaland,  LouisviUa,  Naur  York  f 


ELECTRONICS 


NEW  PRODUCTS 
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lor  oPOSnm  cure  use... 

Stabi\«ie” 


*Varying  Power  Supply  need  not  prevent  efiBdent, 
reliable  and  accurate  performance  of  dectricaUy 
operated  equipment.  A  Raytheon  Voltage  Stabilizer 
of  correct  characteristics  and  capacity  built  into  new 
equipment,  or  installed  on  old,  provides  constant  out¬ 
put  from  varying  input.  Assure  reliaUe  and  accurate 
performance  of  your  equipment  through  pobitivg 
control  of  power  supply.  Ask  about  Raytheon 
Voltage  Stabilizers  to  meet  your  requirements. 

Write  for  illustrated  Bulletin  DL~47-537 


rent,  is  designed  to  meet  industry’s 
need  for  a  compact,  easily  installed, 
packaged  unit.  An  aperture  in  the 
housing  permits  setting  for  various 
light  intensities. 


Industrial  Reset  Timer  (38) 

American  Time  Corp.,  Springfield 
1,  Mass.  The  P  147-60  panel 
mounted  reset  timer  can  be  fur¬ 
nished  in  time  cycle  ranges  from 
15  seconds  to  30  minutes  and  has  a 


1,500- watt  control  capacity  directly 
on  its  contacts.  The  synchronous 
motor  used  to  drive  the  timing 
mechanism  can  be  made  to  shut  off 
before  the  maximum  time  interval 
for  which  the  switch  is  designed, 
by  means  of  an  adjustable  stop. 


Standoffs  (39) 

The  Winchester  Co.,  6  East  46th 
St,  New  York  17,  N.  Y.  A  complete 
line  of  small  standoff  terminals  de¬ 
signed  to  replace  more  cumbersome 
mounting  boards  is  now  available. 


NEW  PRODUCTS 


(continued) 
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Speakers— Horns— Horn  Units 


Nonspill  Storage  Battery  (41) 

Electronic  Batteries,  Inc.,  Bush 
Terminal  Bldg.  No.  4,  28-34  Thirty 
Fifth  St.,  Brooklyn  32,  N.  Y.  The 
Sturges  24-volt  power  pack  illus¬ 
trated  contains  two  12-volt  Type 
125-S  batteries  in  series.  They  are 


are  the  finest  and  niost  dependable 
for  every  conceivable  PA  installation 


from  0.1  to  1,000  megohms  is  meas¬ 
ured  in  six  ranges.  A  new  type  uhf 
diode  is  used  for  a-c  rectification 
and  one  probe  is  employed  for  all 
a-c  readings. 


PM  HORN  UNIT 


entirely  spill-proof  and  do  not 
spray  acid.  Such  assemblies  are 
particularly  designed  for  use  with 
electronic  equipment  in  the  field. 


Three*Band  Portable  (42) 

Bendix  Radio,  Baltimore  4,  Md.  A 
new  portable  receiver  is  now  avail- 


RE-ENTRANT 

TRUMPET 


j  pi 

fez 

t-ij 

I 

I 

^  Rpcon 


RACONS  leadership  in  sound  reproducer  engineer* 
ing  has  been  recognized  for  almost  three  decades. 
RACON  driver  units  have  a  rated  output  for  peak 
and  continuous  performance  far  in  excess  of  any 
other  brands  —  continuous  operating  capacity  30 
watts,  peak  capacity  60  watts.  RACON  speakers  and 
driving  units .  require  less  energy  input  yet  they  de> 
liver  more  efficient  sound  reproduction  output. 


All  claims  made  by  RACON  as  to  cutoff  frequencies 
and  acoustic  lengths  of  speakers,  power  handling 
capacity,  efficiency  and  frequency  range  of  driver 
units  are  substantiated  by  tests  made  at  laboratories 
recognized  as  the  foremost  in  the  industry. 


Only  RACON  makes  speakers  with  Racon  Acoustic 
Cloth  which  is  processed  by  a  patented  method  giving 
a  non-vibratory  wall,  thereby  increasing  the  output  of 
the  horn  without  loss  due  to  wall  vibration.  Supplied 
as  a  part  of  all  re-entrant  horns,  and  on  all  straight 
boms  when  so  ordered.  Stormproof  types  are  guar¬ 
anteed  for  life  in  all  kinds  of  weather  and  tempera¬ 
ture,  regardless  of  climatic  conditions. 


There  is  a  RACON  driving  unit,  trumpet  or  speaker 
for  every  conceivable  sound  application — also  the 
accessories  (brackets  and  housings)  that  may  be 
required  for  special  purposes.  It  pays  to  choose  and 
use  a  speaker  line  that  is  complete. 


Send  for  Our  Free  Catalog  which  Describes  Our  Line  Of: 

Alnico  PM  Units  Standard  PM  Units  Straight  Trumpets 

Armoured  Prelectors  Radiol  Horns  Reentrant  Trumpets 

Demountable  Herns  Cellular  Horns  Hioh-Frequency  Tweetors 


RACON  ELECTRIC  CO. 
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VOIGT 


HORN 


LOW  FREQUENCY  HIGH 


In  Curve  A,  the  slope,  shape  and 
position  of  the  cut  off  depends  on 
horn  details. 

In  Curve  B,  the  lateral  position  depends 
on  cone  diameter. 


ELECT 


FOR  VERY 
VERY  EXPENSIVE 
HORN  LOADED 
LOUDiPEAKERS 
WHEN  NEXT  IN 
LONDON,  JI^GL/S 


It  will  be  noted  that  with  a  baflle,  the  air  load  varien  throughout  the  scale. 
With  an  ideal  HORN  (is  there  such  a  thing  ?)  the  load  presented 
to  the  diaphragm  can  be  CONSTANT  over  most  of  the  scale. 
^^eWISEn^^  •  Just  one  reason  why  Voigt  speakers  (even 
i^eMEMBEas  domestic  types)  have  always  been . 

¥horn  loaded 

We  are  not  yet  in  post  war  production. 

Don't  write  now — just  remember  the  full  name. 

VOIGT  PATENTS  LIMITED 


Design  registered 
at  British  Potent 
Office  in  193S 
No.  802581 


Emolsi®'** 


Materials  for  potting,  dipping  or  impreg¬ 
nating  all  types  of  radio  components  or  all 
kinds  of  electrical  units.  •  Tropicalized 
fungus  proofing  waxes.  •  Waterproofing 
finishes  for  wire  jackets.  •  Rubber  finishes. 
•  Inquiries  and  problems  invited  by  our  en¬ 
gineering  and  development  laboratories. 


YEARS 


Zophar  Mills,  Inc.  has  been  known  for  its  dependable  service  and 
uniformity  of  product  since  1846. 


Alto  a  complete  line  of  Thyratront 
and  gaseous  rectifiers.  Vs  to  20  am¬ 
peres,  full-wave  and  half-wave. 
WRITE  FOR  TECHNICAL  DATA  BOOK 


ZOPHAR  MILLS,  Inc 


NATIONAL  ELECTRONICS,  Inc 

GENEVA.  ILLINOIS 


117  26th  STREET,  BROOKLYN,  32  N.  Y 
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new  products 


(continuad) 


able  for  operation  from  a  self-con¬ 
tained  battery  pack  or  115-volt  a-c 
or  d-c  supplies.  The  receiver  covers 
the  frequency  ranges  195  to  410, 
540  to  1620,  and  2,000  to  5,800  kc. 
A  range  filter  is  built  in  for  recep¬ 
tion  of  weather  reports  in  the  air¬ 
craft  band. 


I-F  Transformers  (43) 

Special  Products  Co.,  Silver 
Springs,  Md.  Specoils  are  a  spe¬ 
cialized  line  of  i-f  transformers  de¬ 
signed  particularly  for  f-m  and 
television  receivers.  Optimum  gain 


is  attained  with  flat  bandwidth  and 
steep  skirts.  They  are  housed  in 
cans  li  inches  in  diameter  and  li 
inches  high. 


Folded  Dipole 

F-M  Antenna  (44) 

Ward  Products  Co.,  1523  E.  45th 
St.,  Cleveland  3,  Ohio.  Both  the 
folded  and  straight  dipole  f-m  an¬ 
tennas  for  use  in  the  44-88  me  tele- 


Brush  Single-Cbannml  Magnetic 
Oscillograpb  witb  amplifier.  £spe> 
eially  suited  for  strain  gauge, 
temperature  and  similar  recordings. 


vision  range  are  available  with  or 
without  the  reflector  kit.  Complete 
information  can  be  obtained  from 
the  company. 


Vacuum  Capacitor  (45) 

United  Electronics  Co.,  Newark, 
N.  J.  The  type  CAP  50, '-60/-30  vac¬ 
uum  capacitor  is  the  first  of  a  series 
for  high-frequency  application.  All 
metal  parts  are  copper  and  all  junc- 


Brush  Osdilographs  make  dirert-ittkiiig  retordmgs 


Brush  Magnetic  Oscillographs  may 
be  used  for  making  detailed  record¬ 
ings  of  electrical  impulses  for  an  al¬ 
most  limitless  number  of  applications. 
The  Magnetic  Pen  Motor  is  capable 
of  recording  a  D.C.  signal.  Used  with 
the  BL-905  amplifier,  the  frequency 
range  is  from  .2  to  100  cycles  per 
second.  Recordings  are  direct,  instan¬ 
taneous,  ink-on-paper  graphs.  Can  be 
used  for  recording  strains,  pressures, 
vibrations,  temperatures,  light  inten¬ 
sity  and  countless  other  phenomena. 


Brush  Double-Chaanel  Magne/ic 
Oscillographs  for  use  where  two 
simultaneous  recordings  are  desired 
—  as  in  synchronising  problems. 


Write  today  for  detailed  bulletin. 


BRUSH 


Development  Company 


3415  PERKINS  AVENUE  •  CLEVELAND  14,  OHIO 

Canadian  Representatives: 

A.  C.  Wickman  (Canada)  Ltd.,  P.  O.  Box  9,  Station  N.  Toronto  14 
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NEW  PRODUCTS  (continuad) 

layed  pulse  output.  It  utilizes  a 
resonant-cavity  reflex  klystron  os¬ 
cillator.  Output  from  0.1  volt  to  0.1 
microvolt  r-f  can  be  obtained. 


Geiger  Counter  Battery  (48) 


National  Carbon  Co.,  New  York, 
N.  Y.  The  model  493  battery  has 
been  expressly  adapted  as  a  source 
of  energy  for  Geiger  counter  radia¬ 


tion  measurement  devices.  It  sup¬ 
plies  300  volts,  and  with  nominal 
use  during  four  hours  each  day  will 
give  service  for  about  350  hours. 


Most  electronic  circuits  include  variable  ele¬ 
ments.  And  variable  elements  must  be  con¬ 
trolled.  In  converting  these  circuits  into  ac¬ 
tual  equipment,  one  problem  facing  the  de¬ 
signer  is  the  location  of  the  variable  elements 
and  controls.  The  elements  must  be  placed 
for  optimum  electrical  efficiency  and  ease  of 
assembly  and  wiring — ^the  controls,  for  operat¬ 
ing  convenience  and  harmonious  panel  ar¬ 
rangement. 

Engineers  will  find  a  ready  answer  to  this 
problem  in  S.S.White  remote  control  flexible 
shafts.  Simply  use  these  shafts  as  couplings 
between  the  variable  elements  and  their  con¬ 
trol  dials.  Then  you  are  free  to  place  both  the 
elements  and  the  dials  where  you  want  them. 
And  as  for  performance,  these  shafts  operate 
as  easily  and  smoothly  as  a  direct  connection. 
They're  engineered  expressly  for  the  job. 


Fairchild  Camera  and  Instru¬ 
ment  CoRP.,  88-06  Van  Wyck  Blvd., 
Jamaica  1,  N.  Y.  A  precision  d-c 
rate  gyro  now  available  is  an  angu¬ 
lar  rate-measuring  device  for  appli¬ 


cations  in  which  accurate  measure¬ 
ments  are  required  for  control  pur¬ 
poses.  Such  applications  include 
telemetering,  speed  control,  and 
computing  systems.  Full  informa¬ 
tion  on  the  device  is  available. 


WRITE  FOR  THIS  FLEXIBLE  SHAFT  HANDBOOK 


260-pages  of  facfs  and  technical  data 
about  flexible  shafts  and  how  to  apply 
them.  A  copy  sent  free  if  you  write 
for  it  on  your  business  letterhead  and 
mention  your  position. 


Mobile  Communications  (^0) 


Eckstein  Radio  and  Television 
Co.,  914  La  Salle  Ave.,  Minneapolis 
2,  Minn.  The  model  80A  receiver  is 
designed  for  amateur  use,  but  will 
receive  the  standard  broadcast 
band.  Model  SOB  covers  the  ranges 
190  to  450  kc,  the  broadcast  band. 


S.S.WHITB 
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ELECTRONICS 


POWERFUL 
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to  a  total  length  of  23  inches.  Leg 
braces  are  above  the  legs  themselves 
to  avoid  obstruction. 


Kilomegacycle  Generator (47) 

Hewlett-Packard  Co.,  Palo  Alto, 
Calif.  The  model  616A  uhf  signal 
generator  is  a  laboratory  standard 
for  use  in  the  range  between  1,800 
and  4,000  me.  It  provides  direct- 
reading  frequency  and  voltage 
scales,  with  c-w,  f-m,  pulsed  or  de- 


sjpvS-:—'.-’ 
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(continutd) 


tions  are  hard-brazed.  Large  cylin¬ 
drical  electrodes  give  low  induc¬ 
tance.  End  caps  are  goldplated. 
Overall  dimensions  for  the  60- 
micromicrofarad,  30-kilovolt  type 
are  2i  by  6i  inches. 


Atlas  Sound  Corp.,  1451  39th  St., 
Brooklyn,  N.  Y.  The  model  CS-1 
microphone  stand  can  be  collapsed 


NEW  PRODUCTS 


Mike  Stand 


(46) 


-tablUtles 


p...,  «• 

This  new 

tamable  m  .  ^  a 

,fc.  more  Im- 

I 

I  quality  ^  of  com- 

I  totleo,  “  rtieMte®®**" 

t  and  alrcra  -  relay* 

-  vhere  it  ‘  to  Ruar 

I  lated  power  supply- 


GENERAL  AC  REGULATOR  SPECIFICATIONS  I 

Input  Voltag*  Rang*  (  —  1  med*l)  . 

.  95-125 

1—2  modal) . 

.190-250 

Output  Voltago  Rang#  (  —  1  modol)  . 

.110-120 

( —2  modol)  . 

. 220-240 

Lock!  Rongo . 

.  25-30,000  V.  A. 

Rogulotion  Accuracy . 

.  Vs  of  1  % 

Harmonic  Distortion . 

.5%  Max.  12%  in  *‘S”  Modolt) 

Input  Froquoncy  Range . 

.  50-70  cyclos 

Inductivo  Fowor  Factor  Rango . 

.  Down  to  0.7  P.F. 

For  bliiiuiard  voltas<e  regulation,  Sorensen 
.Model  .^0(1  is  a  proven  leader  in  its  field — 
eoiiipact,  accurate  and  dependable.  This 
model  t\ pities  the  Sorensen  line  of  AC 
and  Nobatron  all-purpose  voltage  regu¬ 
lators.  Let  a  Sorensen  engineer  help  you 
with  your  next  voltage  regulation  problem. 


SOREHSEn  &  [OmPHRV,  ini. 

375  FRIRFIEID  nUEHUE  *  STHniFORD,  COnilEtTICUT 


■  i  « 


SCINTILLA  MAGNETO  DIVISION  of 


AVIATIOM  COA^OflAriOM 


NEW  PRODUCTS 


2.4  to  6.8  me,  and  is  therefore  suit¬ 
able  for  aircraft  use.  Another  model 
is  available  for  commonly  used 
broadcast  frequencies  in  foreign 
countries.  The  equipment  is  spe¬ 
cifically  packaged  for  car  use -and 
has  a  sensitivity  of  better  than  5 
microvolts  for  0.5  watt  output  on  all 
frequencies. 


Artificial  Ear  (51) 

Massa  Laboratories,  Inc.,  3868 
Carnegie  Ave.,  Cleveland  15,  Ohio. 
The  model  M-112  artificial  ear  cou¬ 
pler  is  a  two-piece  stainless  steel 
structure  providing  either  a  2  or  6 


Bendix-Scintilla 

Electrical  Connectors 

The  Finest  Money  Can  Build  or  Buy! 


cubic  centimeter  chamber  for  ob¬ 
taining  response  characteristics  of 
earphones.  It  has  been  designed  to 
fit  the  microphone  end  of  the  GA- 
1002  sound  pressure  measurement 
equipment. 


Wherever  quality  is  called  for,  Bendix-Scintilla*  Electrical 
Connectors  are  the  logical  choice.  These  precision-built 
connectors  set  a  new  standard  of  efficiencry  with  their 
remarkable  simplicity  and  low  electrical  resistance.  The 
secret  is  Scinflex — a  new  Bendix-Scintilla-developed 
dielectric  material.  It  lessens  the  tendency  towards  flash- 
over  and  creepage,  and  makes  possible  efficient  perform¬ 
ance  from  —67°  F.  to  -f  300°  F.  Dielectric  strength  is  not 
less  than  300  volts  per  mil.  The  contacts,  made  of  the 
finest  materials,  carry  maximum  currents  with  the  lowest 
voltage  drop  known  to  the  industry.  nR*0EMARK 

•  Moisture-proof,  Prossuro-light  •  Vibration-proof 

•  Radio  Quiot  •  Minimum  Weight 

•  Single-piece  Inserts  •  High  Arc  Resistance 

•  Low  Electrical  Resistance  •  Easy  Assembly  and  Disassembly 


Cordless  Soldering  Tool  (52) 

Kwikheat  Div.,  Sound  Equipment 
Corp.  of  Calif.,  Glendale,  Calif.  The 
pencil-type  cordless  soldering  tool 
illustrated  holds  its  temperature  for 
useful  work  about  a  minute  and  re- 
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Tracing  cloth 
that  defies 


S^lhd^ 


/APPROVED 


CONNECTICUT 


WINSTED 


RECOBDING 

TRANSmiT  PHENOHENl 


The  behaviour  of  moving 
parts  under  actual  work¬ 
ing  conditions  may  be 
studied  by  means  of 
standard  commercial 
oscillographs,  which 
translate  mechanical  or 
electrical  variations  into 
evanescent  traces  on  a 
fluorescent  screen. 
Avimo  Ccuneras  record 
these  traces  on  contin¬ 
uous  film  or  paper,  so 
that  they  may  be  subse¬ 
quently  checked,  ex- 
eunined,  and  measured. 


Write  for  full  detcdls  of 
AVIMO  Cameras  includ¬ 
ing  types  with  built-in 
cathode  ray  tubes. 


•  The  renown  of  Imperial  os  the  flneit  In 
Tracing  Cloth  goes  bock  well  over  half  a 
century.  Draftsmen  all  over  the  world  prefer 
It  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  cloth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  ago  are  still  as 
good  os  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
pencil  lines,  try  Imperial  Pencil  Tracing  Cloth. 
It  is  good  for  ink  as  well. 


•  Much  of  the  success  of  this 
"  '  Hudson  Wire  product  is  duo  to  a 

new  coating  method  that  gives  a  smooth, 
permanently-adherent  enameling.  Mercury-process  tests  guaran¬ 
tee  perfect  uniformity;  great  tensile  strength  assures  perfect 
laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  eng/neer/ng  and  design  facilities  are  at  your 
M  disposal— details  and  quotations  on  request. 


59001 


Th*  panel  marking  transfers  have 
while  block  letters.  Special  solution 
furnished.  Must  not  be  used  with 
water.  Equally  satisfactory  on  smooth 
or  wrinkle  finished  panels  or  chassis. 
Ample  supply  of  every  conceivable 
word  or  marking  required  for  amateur 
or  commercial  equipment. 


The  No.  59001 


PANEL  MARKING 


TRANSFERS 


JAMES  MILLEN 
MFG.  COe,  INC. 


MAIN  OFflCE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


I. 
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NEW  PRODUCTS  (continued) 

heats  in  20  seconds  after  reinsertion 
in  the  heater  receptacle.  The  re-  j 
ceptacle  can  be  screwed  into  any  i 
Kwikheat  soldering  iron. 

Marine  Radiophone  (S3) 

Jefferson-Travis,  Inc.,  Ill  Eighth 
Ave.,  New  York  11,  N.  Y.  The 
model  62  portable  marine  radio- 
tdephone  has  a  carrier  power  out¬ 
put  of  over  5  watts  in  the  frequency 
range  2  to  3  me.  Both  the  two 


Remember  this  inside  story  when  buying 
or  specifying  tube-type  resistors.  Don't  be 
satisfied  with  lessi  Bulletin  No.  107,  with 
complete  engineering  data,  sent  on  request 


POSITIVELY  CENTERED  SUPPORT 


WINDINGS  CANNOT  SAG  OR  SHORT 


POSITIVELY  CHAR-PROOF 


ADEQUATE  SAFETY  FACTOR 


transmitter  channels  and  the  re¬ 
ceiver  are  crystal  controlled.  A  non- 
spillable  6-volt  storage  battery  is 
furnished  and  charging  apparatus 
for  use  on  117  volts  60  cycles  is  built 


Mobile  Antenna  (54) 

H.  H.  Buggie  and  Co.,  Toledo  1, 
Ohio.  A  new  antenna  for  mobile 
radio  service  requires  only  a  single¬ 
hole  mounting  for  a  waterproof  seal 


if  Clarostot  originated  and  pioneered  ths 
tube-type  or  plug-in  resistor  widely  used 
in  radio-electronic  ond  other  compact  as¬ 
semblies.  And  Qarostat  is  still  the  only 
one  offering  these  features: 

MICA  SUPPORT  FOR  WINDINGS 
GLASOHMS  FOR  MAIN  LOADS 


and  is  designed  so  as  to  minimize 
mismatch  between  cable  and  an¬ 
tenna. 

Small  Motor  (55) 

Gleason-Avery,  Inc.,  Auburn,  N. 

Y,  A  new  4-pole  single-phase  shaded  CIAWSTAT  MFG.  CO.,  Inc.  •  285-7  N.  6tk  St..  BfOoWyii,  H.t. 


1 


WRITE  ^ 
[DOAYFOR  4 

^  yiew  \ 
^ATALO&i 


QUALITY  and  SERVICE 
AT  A  PRICE 
THAT’S  RIGHT 


ELECTRIC  GLUE  POTS 


ALL  ALUMINUM 


VULCAN 

WATER  JACKET  TYPE 
THERMOSTAT  CONTROL 

HeoTy  cast  aluminum  with  attached 
base. 

Inside  pot  or  bowl  also  aluminum 
Underwriters'  listed  heater  cord. 
110-125  OR  220-230  VOLTS 
AC  OR  DC 
FOUR  SIZES 
One  Piet  to  Four  Quarts 


VULCAN  ELECTRIC  COMPANY 

DANVERS  MASS. 

Maker*  of  e  wide  variety  of  Heatiof  Element*  ter  a**embly  into  mem*. 
fectwrer'*  ewn  product*  and  of  HeoHng  SpecioHie*  that  u*e  electrifHy. 


Years  of  experience  in  fabricating  parts 
and  products  of  plastics  make  Sillcocks- 
Miller  an  ideal  source  for  developing 
practical  and  economical  answers  to 
your  individual  needs. 

These  specialists  in  precision-fabrica¬ 
tion  can  serve  you  in  four  ways;  First,  in 
working  out  your  own  ideas.  Second, 
in  developing  new  ideas  for  you.  Third, 
in  counseling  with  you  on  the  most 
practical  and  economical  methods  of 
fabrication.  Fourth,  in  selecting  the 
plastic  material  best-suited  to  the  job. 
You  couldn't  select  a  more  dependable 
source  for  quality  and  service,  at  a 
price  that's  right. 

Write  for  illustrated  booklet  or  phono 
South  Orange  2-6171  for  qnich  action. 


THE  SILLCOCKS-MILLER  CO. 


SUPREME  504-B  TUBE 
AND  SET  TESTER^ 

th*  port«bl«  lab  that  qlvat  you  avarything. 

.  ASK  rouft  SUPRIMI 

JOBBER  FOR  A  FRSS 

DEMONSTRATION 


HIIIK’S  WHY  AND  HOW 

•  METER  —  large  d-inch  tquara-faca 
matar,  SOO  microampara. 

•  SPEED— push'button  oparatad. 

•  FLEXIBLE— fimpla,  yat  Univarsal  Float¬ 
ing  Fi  lam  ants  f«atur*  iniurai  against 
obtolatcanca. 

•  SIMPLICITY- roll  chart  carriat  full 
data  for  tuba  satfing.  No  roaming  fast 
laads  whan  using  multi-mator— only  push 
a  button. 

SPKCIFICATIOHS 

DC  VOLTS— 1000  Ohms  par  volt:  0-S-2S 
IOO-2SO-SOO-IOOO-2SOO. 

AC  VOLTS-O-5-I0-50-250-I000. 

OUTPUT  VOLTS— 0-S- 1 0-50-250- 1 000. 
OHMMETER— 0-200-2000-20,000  Ohms. 

0-2-20  Magehms. 

Condontor  Chock: 

Elactrolytics  chackad  on  English  roading 
seal#  at  ratad  voltagas  of  2S-SO-I0O-20O- 
2S0-300-4S0  volts. 

Battery  Test: 

Chock  dry  portabla  *'A*'  and  *‘l"  bat- 
tarias  undar  load. 


[  SUPREME 


EXPORT  DEPT.:  The  American  Steel  Export  Co.,  Inc. 

347  Madison  Ave.,  New  York  17,  N.  Y.,  U.  S.  A. 


SUPREME  INSTRUMENTS  CORP.,  Greenwood.  Miss..  U.  S.  A. 


NOW- 
A  QUALITY 
2-KW  INDUCTION 
HEATING  UNIT 


For  Only  $650. 

Never  before  a  value  like  this  new 
2-KW  bench  model  "Bombarder"  or  high 
frequency  induction  heater  .  .  .  for  lav¬ 
ing  time  and  money  in  surface  harden¬ 
ing,  brazing,  soldering,  annealing  and 
many  other  heat  treating  operations. 

Simple  .  .  .  Easy  to  Operate  .  .  . 

Economical  Standardization  of  Unit 

Makes  Thk  New  Low  Price  Possible 

This  compact  induction  heater  saves 
space,  yet  performs  with  high  efficiency. 
Operates  from  1 10-volt  line.  Complete 
with  foot  switch  and  one  heating  coil 
made  to  customer's  requirements.  Send 
samples  of  work  wanted.  We  will  ad¬ 
vise  time  cycle  required  for  your  par¬ 
ticular  job.  Cost,  complete,  only  $650. 
Immediate  delivery  from  stock. 

Scientific  Electric  Electronic  Heaters 
are  made  in  the  following  range  of 
Power:  I  -3-5-71/2- 1 0- 1 2'/2- 1 5- 1 8-25-40-60- 
80-I00-250KW. — and  range  of  frequency 
up  to  300  Megs,  depending  on  power 
required. 


Division  of 

‘S”  CORRUGATED  QUENCHED  GAP  CO. 

107  Monroe  St.,  Garfield,  N.  J. 


MODEL  No.  300-A 


1 


Here  is  another  of  Milford's  15  standard  models 
of  rivet-setters  for  assemblies  ranging  from,  wrist 
watch  bracelets  to  refrigerators.  Every  single 
Milford  rivet-setter  has  more  than  paid  for  itself 
either  in  cutting  costs  of  assemblies  or  completing 
them  faster.  For  any  fastening  need,  check  with 
Milford  —  for  ideas  to  save  time  or  cut  costs. 

THE  MILFORD  RIVET 
&  MACHINE  CO. 

859  Bridgeport  Avenue,  Milford,  Conn. 

1002  West  River  Street,  Elyria,  Ohio 

Inquirlts  may  also  6.  addrassad  to  our  subsidiary: 

THE  PENN  RIVET  6  MACHINE  CO.,  PHILADELPHIA  33.  PENNA 


This  new  Signaling  Timer 
electrically  controls  time  in- 
tervalsof  industrial  processes 
with  laboratory  exactness.  | 

When  the  interval  is  started, 
a  red  pilot  light  goes  on. 

During  the  interval  a  pointer 
shows  the  exact  time  elapsed. 

At  the  end,  the  controlled  circuit  is  automatically  opened  or  closed 
and  a  buzzer  sounds.  Sockets  allow  additional  lights  or  buzzers  in 
remote  locations. 

If  you  need  accurate  timing — plus  visual  and  audible  signal  atten¬ 
tion,  write  us  today  for  literature  on  the  versatile  new  Series  S 
Signaling  Timer.  There  is  a  model  for  your  particular  interval, 
voltage  and  frequency  requirements. 


NDUSTRIAL  TIMER  CORPORATION 

[111  EDISON  PLACE  •  "KNOWN  THE  WORLD  OVER"  NEWARK,  N.  J. 

Over  400  Types  of -Timers  for  Industry 
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NEW  PRODUCTS 


pole  induction  motor,  type  B-30-A  is 
a  standard  item  for  24-volt,  60-cps 
use  but  it  can  also  be  furnished  for 
115-volt  operation.  Further  details 
on  this  1  inch-ounce  torque  unit  are 
available  from  the  manufacturer. 


Western  Etectrk 

CUSTOM-BUILT  CONSOLES 


Rotary  Actuator  (56) 

Globe  Industries,  Inc.,  125  Sunrise 
Place,  Dayton  7,  Ohio.  Built  to  de¬ 
liver  high  torque  at  low  speed,  the 
Rotary  Actuator  weighs  less  than  2 
pounds  and  is  available  in  24,  12  or 


Western  Electric  specialists  wll  work  closely  with  your 
station  engineers  to  provide  speech  input  consoles  tailored 
to  your  exact  needs.  Standard  Western  Electric  components 
are  combined  into  the  circuit  arrangements  and  cabinet 
designs  you  w'ant— assuring  a  new  high  in  utility,  versa¬ 
tility,  and  attractive  appearance. For  details,  write  Graybar 
Electric  Co.,  420  Lexington  Ave.,  New  Y ork  1 7,  N.  Y., or . . . 


WHAM 

Rochester,  N.  Y. 
has  four  like  this. 


GraybaR 


ASK  YOUR  LOCAL 


BROADCAST  REPRESENTATIVE 


6-volt  d-c  sizes.  The  motor  used  is 
a  permanent  magnet  type  which 
facilitates  dynamic  braking  and  re¬ 
versal. 


Transformer  Cans  (57) 

Olympic  Tool  &  Manufacturing 
Co.,  Inc.,  39  Chambers  St.,  New 


Check  BAER  FIBRE  for  ac¬ 
curate  dimensioning,  uniform 
surface,  mechanical  and  elec¬ 
trical  qualities,  and  low  coat 
per  piece.  See  how  efficient¬ 
ly  a  BAER  FIBRE  terminal 
board,  bushing,  gasket, 
.washer  or  other  shape  can 
I  simultaneously  solve  your 
^  electrical  or  mechanical  prob- 
lem...improve  your  product., 
and  save  you  money!  BAER 
FIBRE  isprecisionfabricated 
'to  your  specifications. 

UTERATURB  ON  REQUEST 


MONTGOMERY  ST.,  HILLSIDE,  N.  J. 
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MDB.CARP  SYSTBM 
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La.  I  OOM'T  MCK  UW  SfU-SIAIItt  STIlf  TO  KB  lABHSj 


QUIK-LABELS 

Mark  Your  Wires  Faster 

PUIK-LABELS  code  Wires,  Leads.  Circuits, 
Relays,  Parts,  etc.,  faster  and  cheaper,  •  Pre¬ 
cut  to  exact  sixe,  QUIK-LABELS  come  on 
handy  cards.  *  Ready  to  use,  they  stik-quik 
without  moistening,  replace  slow  and  costly 
string  tags,  roll  tapes,  decals,  stencils,  metal 
tabs,  etc.  •  Silicone  plastic  coated  to  resist 
dirt,  grease,  abrasion.  •  *Self  Starter  strip 
automatically  .expose  ends  of  Labels  for  you 
to  grasp  instantly — no  more  finger-picking. 

Write  for  Folder  and  FREE  Sample  Cards. 

W.  H.  BRADY  COMPANY 

Estoblisked  1914 

Monu/ecturers  of  Solf-Sf/cklng  Tope  Products 
240  W.  Wells  St.,  Milwaukee  3,  Wisconsin 
Ffwtory — Chippewa  Falls,  Wlsceetle 


Molded  Phenolic 


COIL  FORMS  •  BOBBINS 


Yo«  con  save  on  mold  ond 
piece  charges  at  Mayfair 

Coil  forms  or  bobbins,  mode 
to  your  specifications. 

Our  mold  charges  are  lower 
than  were  formerly  consid¬ 
ered  possible. 

Send  print 

for  prompt  quotation 


MOLDED  PRODUCTS  CORPORATION 
4440  Elston  Avonuo  *  CHicogo  30 


^  SYNTHETIC  SAPPHIRE 

Has  High  Electrical  Resistance 

Linde  synthetic  sapphire  offers  specific  advantages  for 
electronic  uses.  Sapphire  maintains  these  properties  at 
elevated  temperatures. 

Dielectric  Conntant  .........  7.5  to  10 

T,  Point . 1.214  deg.  C.  to  1.231  deg,  C. 

(Temperature  at  which 
resistance  becomes  I  megohm) 

Melting  Point .  2.030  deg.  C. 

Thermal  Conductivity . 0.015 

(cal.  sec.-*  cm.-*  deg.  C.-* 
at  500  deg.  C.) 

Thermal  Expansion  Coefficient . 8.3  to  9.0 

(per  deg.  C.  x  10*  at  1,000  deg.  C.) 


up  to  150  carats 


Rods,  0  065-in 

to  0  125-in  diameter 


Write  for  the  LiNDE  Synthetic 
Sapphire  Technical  Data  Sheet  No.  A-l.  * 

The  Linde  Air  PRODuas  Company 

Unit  of  Union  Carbide  and  Carbon  Corporation 
30  East  42nd  Street  IMdd  New  York  17,  N.  Y. 

In  Canada: 

Dominion  Oxygen  Compon^^Jijinited,  Toronto 

The  word  “Linde**  ia  a  trade-mark  of  The  Linde  Air  Produeta  Company 


KENYON 


ISOLATION  TRANSFORMERS 


TYPI 

VA 

WTIIbs.) 

i 

w 

H 

Ml 

MW 

FiG 

LIST  PRICE 

1-10 

25 

2  Vi 

3'’h 

2'V1« 

3'U 

3Vi 

2 

A 

8.30 

1-14 

100 

5‘-Se 

3''s 

4^4 

4"  16 

2'i 

A 

14.00 

1-18 

250 

14 

6*s 

5'iJ 

5 

4' 2 

A 

22.50 

1-22 

750 

50 

9'n 

d'he 

4h 

6'^2 

B 

59.00 

Isolation  Trans¬ 
formers  with  elec¬ 
trostatic  shields. 
(Ratio  1:1)  115 
Volts.  50/60  Cy¬ 
cles.  Supplied  with 
cord,  plug  and 
receptacle. 


AUTO  TRANSFORMERS 


Auto  Transformers 
230/115  Volts. 
50/60  Cycles. 
Writ*  for  do- 
tail  t  today  on 
KENYON'S  new 
lino. 


TYPE  1 

VA 

WTIIbs.l  L  W 

H 

Ml 

MW  FIG 

LIST  PRICE 

1-401 

50 

2Vi  3^U  2"/i6 

3=H 

3'-^< 

2  A 

7.95 

I-44J 

100 

3'2  4^  2"i6 

3'‘4 

4-*s 

2  A 

9.55 

1-48 

250 

8  5^6  3^ 

4'‘4 

4"  It; 

2’2  A 

14.90 

1-52 

500 

1 4  61^  SV: 

5 

5'>s 

4' 2  A 

22.00 

1-56 

1000 

40  SVi  Jha 

6-'H6 

3'4 

6h2  8 

43.00 

KENYON  TRANSFORMER  CO..  Inc. 


840  BARRY  STREET  NEW  YORK.  U.  S.  A. 
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RAC>p(COMPANYINC 


NEW  PRODUCTS  (contlnu«d) 

York  7,  N.  Y.  A  new  feature,  the 
snap-lock,  has  been  added  to  the 
company’s  standard  transformer 
cans.  This  improvement  allows  more 
space  inside  the  can,  and  also  saves 
much  assembly  time  for  the  user. 


Traffic  Radar  (58) 

Automatic  Signal  Division,  East¬ 
ern  Industries,  Inc.,  Norwalk,  Conn. 
Compact  and  portable  equipment 
weighing  only  about  45  pounds  is 
used  in  traffic  surveys  to  check  car 


Horvay  hos  lit*  NEW  Rak-O-Kwt  d«v«lop- 
mpiiH  .  «  Th«  NEW  **Matl«r-Pre"  ev«rli«ad 
mpchoniun  with  o  mpcfcontca/  ipJralimg  d«- 
vic*.  TkU  f*elpre«f  wefcoaltm  aMblvi  ywi 
to  <ul  •  spiral  up  to  3/16"  plKh  with  no 
donpor  of  nokinp  on  ovorcut  duo  to  tho  two 
ovor-running  clutchos. 


MODEL  M-5S  with  mognotic  cuttor..$315.00 
AAODEl  M-S,  lost  spiraling  dovico.  $175.00 

NEW  Portable  Case 

Horn  it  tho  now  portoblo  coto  for  Rok-O-Kut 
rocording  oquipmoilt.  Drillod  for  tho  Modol 
V  rosording  turntoblo,  with  o  tpociol  drowor 
for  storing  tho  ovorhood  mochonitm  whon 
not  in  uto.  * 


speeds  from  0  to  100  miles  an  hour 
to  an  accuracy  of  2  miles.  The 
device  uses  a  microwave  radar 
transmitter-receiver  and  can  be  em¬ 
ployed  to  measure  the  speed  of  any 
object  that  has  appreciable  area  and 
motion. 


motic  tpood  shift...... .  . .$195.45 

NEW  Cabinet  Console 

Horn  it  o  cobinot  contolo  for  transcriptiont, 
dotignod  to  toko  tho  Rok-O-Kut  Modol  G 
turntoblo,  and  with  copority  for  storing  op- 
proiiniotoly  100  16-inch  rocordt.  It  hot  four 
lovoling  logs  and  o  uniquo  mothod  of  mount¬ 
ing  to  roduco  rumblo. 


Improved  Sweep 
Oscillator  (59) 

Kay  Electric  Co.,  East  Orange, 
N.  J.  The  Mega-Sweep  oscillator. 
Model  2,  incorporates  several  new 
features,  such  as  carrier  frequency 
increase  to  1,000  megacycles;  low 


in  BRUSHES 

for  Mgh  curroitt  donsHy  •  mini¬ 
mum  wear  •  iow  contact  drope 
iow  oioctricol  noise  •  self-luM- 
ccnion 

in  CONTACTS 

for  iow  resistance  •  non-weiding 
character 

GRATHAUOY  works  whoro  otbors  won'it 
SfMcffy  ORATHAILOY  wMv  ponlMonco. 

*A  tpociol  tilvor-imprognolod  erophito 


MODEL  C-7  Consolo  Cobinot  ...  . $129.00 

MODEL  G-3  Transcription  Turntablo$125.00 
MODEL  G-2  Doluxo  with  Mostormotic 
Spood  Shift . $155.00 


amplitude  modulation  while  sweep¬ 
ing,  less  than  0.1  db  per  megacycle ; 
a  wave  meter  provides  metering 
from  1  to  1,000  megacycles. 


NOTE:  All  pricot  FOR  N.Y.C.  otid  M*io<t 
to  chongo  without  notico. 

telephone:"*!/'  \‘  LO.  3-18(X 


Ceilometer  (60) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  A  complete  ceilometer 
system  consists  of  a  mercury-arc 
projector,  photoelectric  detector, 
and  a  recorder  that  keeps  a  continu- 
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(continuad) 


Th»  compUl*  dlv*rti<l«d  rang*  of  HEXACON  mI 


during  irons  Is  d*scrib*d  In  d*lail  In  fully-lllus 
trat*d  litaratur*.  Ranging  from  40  to  700  waffs, 
and  wifh  t\p  diam*f*rs  Vs'  fo  IVs".  HEXACON 
Irens  or*  ovollabi*  f*  m**f  •very  r*quir*m*nf. 
Wrif*  foday— fh*r*  It  no  ebllgafion. 


-  HIGH  QUALITY 
LONG  LASTING 
SOLDER'HG  IRONS 


HATCHET  TYPE  IRON 
for  better  balance  and 
less  operator  fatigue 


dling  than  thg  lighl-w«ight  irons 
now  utod  for  difRcwit,  intricato  Mi> 
doring,  tho  Hotchot  Typo  iron  is  ot- 
pociaily  onginoorod  and  dotignod 
for  oporator  comfort.  Non-tiring 
ovon  oftor  hours  of  continuous  uto, 
thoso  eoidoring  units  havo  aii  tho 
oxtra  advontogos  inciudod  in  ovory 
HEXACON  iron  —  ropiacMbio  oio- 
monts  of  highost  grad*  nickoi-chro- 
mium  wire,  tips  of  hard-drawn  cop- 
por,  hoxagon-shapod  barrois  for 
maximum  hoot  dissipation  during 
intormittont  um,  Undorwritors'  Lab¬ 
oratories  approval,  etc. 

HIXACON  ELECTRIC  CO. 

130  W.Clay  Avo..  RomII*  Park,  N.  J. 


ous  record  of  cloud  variations.  In 
practice,  a  pulsed  light  beam  is  cast 
vertically  into  the  sky.  The  detector 
located  about  1,000  feet  from  the 
projector  and  tuned  to  the  same 
frequency  as  the  light  pulses,  meas¬ 
ures  light  scatter  from  the  clouds. 


Volt-Ohm-Millianimeler  (61) 

Wbston  Electrical  Instrument 
Corp.,  Newark  11,  N.  J.  The  new 
Electronic  Analyzer,  model  769, 
comprises  a  stable  high  frequency 
vacuum  tube  voltmeter  for  frequen¬ 
cies  up  to  300  megacycles  in  the 
range  of  3  to  120  volts.  A  special 


TRIODE  PERFORMANCE 


'^'AUTOMATIC  BIAS  CONTROL  graafly  incr*as*s 
undiitort*d  power  of  moderaf*  coif. 


^TRIODE  TUBES  uf*d  fhroughouf.  2  — -  6B4G, 
4-7 A4,  2-7N7,  1-5U4G.  1-5Y3G. 


AThr**  push-pull  tfag*s  pr*c*d*d  by  an  in' 


^^oin— 55  to  120  db  In  various  inod*ls. 


ABoss  and  lr*bl*  compensafion  —  Two-sfag* 
fapp*d  cond*ns*r-r*sisfor  nafworks. 


AIntersfag*  transfornwr  insures  good  push-pull 
balance. 


Alnput-3B.  150,  500/600  and  500,000  ohms. 
Oufpuf— 1 .5  to  30  ohms  and  500  ohms. 


Aflaf  within  1  db  to  25  cycles  at  full  power  and 
to  4  cycles  at  reduced  power. 


APawer  available  for  other  units  — 250  volts. 


Aflat  within  0.2  db  to  30,000  cycles. 


AO.6%  harmonic  distortion  ond  0.2%  inter- 
modulation  distortion  at  5  waHs. 


Afuses— Main  power  and  6B4G  plate  line. 


AAttractively  finished  chassis.  High  quality 
componentg.  Finest  workmanship. 


ARoted  power- 30  watts  at  2Vs%  total 
distortion. 


d-c  probe  containing  a  5-megohm 
resistor  is  furnished  for  measuring 
d-c  potentials  with  a  minimum  in¬ 
sertion  effect.  Resistance  to  200,- 
000  ohms  and  current  up  to  600 
milliamperes  can  also  be  measured. 


Literature - 

(62) 

Export  Catalog.  British  Radio 
Component  Manufacturers’  Feder¬ 
ation,  22  Surrey  St.,  London,  W.  C. 
2,  England.  A  comprehensive  guide 
to  the  British  radio  component  in¬ 
dustry  is  the  184-page  volume  is¬ 
sued  for  distribution  among  over¬ 
seas  customers.  The  text,  in 
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The  BROOK  HIGH  OUALITY 
SRHoK  AMPLIFIER 

•  Designed  by  LINCOLN  WALSH 

BROOK  ELECTRONICS,  Inc.,  34  DeHart  Place,  Elizabeth  2,  N.  J. 
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Name. 


Address 


\\  The  Shape  and 

SivoYOU  nood! 


THIS  SCREW 
COULD  BUY  TWO 


PARAMOUNT 


PAPER  TUBES 


It's  a  facti  Figurinq  the  yearly 
salary  of  a  top-flight  executive 
at  around  $15,000,  this  screw 
could  actually  buy  two  of  them 
and  have  some  change  left 
over.  Because  this  screw  saves 
more  than  $32,800  every  year 
for  a  prominent  parts  manufac¬ 
turer  (name  on  request)  who 
brought  his  problem  to  our  En¬ 
gineering  Department.  Our  re¬ 
search  resulted  in  this  screw, 
and  the  screw  resulted  in  the 
saving.  Perhaps  we  couldn't 
save  as  much  as  that  for  you, 
but  it  would  be  worth  a  three- 
cent  stamp  to  find  out. 

NEW  ENGLAND  SCREW  COc 

KEINE,  HEW  HAMPSHIIE 


JONES  SHIELDED  nPE 
FLOGS  and  SOCKETS 

+Low  loss  Plugs  and 
Sockets  suitable  for 
Ugh  frequency  cir¬ 
cuits.  Ideal  lor  an¬ 
tenna  connections, 
photocell  work,  mi¬ 
crophone  connec- 
fions,  etc.  Supplied 
Mn-W*  in  1  and  2  contact 

f  types.  The  single 
contact  type  can 
be  iundshed  wiflx 
y4",.290",-i^",V8" 
or  Va''  ferr\ile  for 
cable  entrance. 

KnurUd  nut  Mcuraly 
foxtana  units  toqathar. 
AU  metal  ports  or*  of 
brass  suitably  ploted  to  moot  Novy  spocili- 
cotions.  No.  101  Sorias  Plugs  hovo  caramic 
insulation  and  Sockets  have  XXX  Bakallla. 
For  complete  listing  and  information  write 
todoy  for  your  copy  of  catalog  No.  14. 


HOlDfIRD  B.  dOnCS  DIVISIOD 

cinc«  mfG  coHP 

:  2460  UU  G€ORG€  ST  CHICAGO  18 


All  Sizes  In 


Square  and  Rectangular  Tubes 


Leading  manufacturers  rely  on  the  quality 


and  exactness  of  PARAMOUNT  paper 


tubes  for  coil  forms  and  other  uses.  Here 


you  have  the  advanuge  of  long,  specialized 


experience  in  producing  the  exact  shapes 


and  sizes  for  a  great  many  applications. 


Hi-Dielectric,  Hi-Strengtb.  Kraft,  Fish 


Paper,  Red  Rope,  or  any  combination. 


Wound  on  automatic  machines.  Toler¬ 


ances  plus  or  minus  .002*.  Made  to  your 


specincations  or  engineered  for  YOU. 


{  PARAMOUNT  PAPER  TUBE  CORP.  \ 

^  616  LAFAYETTE  ST.,'rORT  WAYNE  3,  INO.  ) 

Manufacturers  of  Paper  Tubing  for  the  Vectrical  Industry 


Coi^CORD 

^ADiof 

Catalog  v* 


INDUSTRIAL  ELECTRONIC 
and  TEST  EQUIPMENT  •  RADIO 
PARTS  •  SETS  •  AMPLIFIERS 

This  Is  It — the  new  1947  Concord  Catalog-  a  rast. 
complete  selection  of  everything  In  Radio  and 
Electronics-  thousands  of  Items  available  for 
IMMEDIATE  SHIPMENT  from  CHICAGO  or 
ATLANTA—  hundreds  now  available  for  the  first 
time  featuring  new,  latest  1947  prices.  See  new 
LOWER  prices  on  RADIO  SETS.  PHONO-RADIOS, 
RECORD  CHANGERS,  RECORD  PLAYERS, 
PORTABLES,  AMPLIFIERS,  COMPLETE  SOUND 
SYSTEMS,  TESTERS.  See  latest  listings  of  stand¬ 
ard.  dependable  lines  of  radio  parts  and  equip¬ 
ment — tubes,  condensers,  transformers,  relays, 
etc.  Mall  coupon  for  FREE  COPY— NOW! 


TIME  PAYMENTS:  Writs  us  Im  detail;  of  tiaw  piyawst  plan  o 
CoBiiminKalkns  Rsceivers,  Amplifier;.  Test  Equipmenl,  Radios, 
Phono-Radios,  etc. 


]|  AfaU  QOUPOH  TODAY! 


'  Cnncerd  Radio  CorporiHlon,  Dept.  G-87 
I  901  W.  Jackson  8lvd.,  Chicage  7,  III. 

j  Yes,  rush  FRFiE  COPY  of  the  conipreheiuiive  new 
!  Concord  Radio  Catalog. 


RADIO  CORPORATION 

LAFAYETTE  RADIO  CORPORATION 
CH  ICAGO  7.  I  LL.  ATLANTA  l.GA. 

901  W.  Jachssn  Blvd. _ _2«S  Peachtree  St. 


City . State. 
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NEW  PRODUCTS  (continued) 

English,  French  and  Spanish  is 
followed  by  a  classified  index  ac¬ 
cording  to  products. 


(63) 

Technical  Bulletin.  Calco  Chemi¬ 
cal  Division,  American  Cyanamid 
Co.,  Bound  Brook,  N.  J.  Bulletin 
No.  778  deals  with  the  importance 
of  the  adjustment  of  pH  of  wool 
fabrics,  yam  or  raw  stock  prior  to 
dyeing.  Copies  may  be  had  by 
writing  the  company. 


(64) 

Control  Components.  American  Re¬ 
lay  and  Controls,  Inc.,  2555  Diver- 
sey  Ave.,  Chicago  47,  Inn.  A  4-page 
2-color  brochure  is  now  ready 
showing  the  line  of  relays, 
switches,  and  leaf -spring  combina¬ 
tions  that  find  their  way  into  elec- 
tronie  equipment. 


Vacuum -processed,  gold- 
coated  Bradley  instrument 
rectifiers’ increase  equip¬ 
ment  efficiency.  Especially 
designed  for  use  where 
stability  and  permanence 
of  calibration  are  impor¬ 
tant,  *  Coprox'^  rectifiers 
meet  the  moat  exacting 
requirements.  Yet  they 
cost  no  more  than  ordin¬ 
ary  rectifiers  —  in  most 
cases,  less. 

Temperature  error  is 
exceptionally  low  with 
Bradley  rectifiers.  Aging 
is  practically  nil.  Pre¬ 
soldered  leads.  Rating  of 
CX-2E  series  up  to  4.5 
volts  A.  C.,  3  volts  and  5 
milliamperes  D.  C. 


(65)^  . 

Plastic  Knobs.  Kurz-Kasch,  Inc., 
1424  So.  Broadway,  Dayton  1,  Ohio. 
A  12-page  booklet  describes  in  de¬ 
tail  the  latest  in  standard  radio 
and  instrument'  plastic  knobs  and 
control  balls.  Copies  are  now  avail¬ 
able. 


INTERCHANGE¬ 
ABLE  BITS  FOR 
PHILLIPS,  HEX 
AND  SLOTTED 
HEAD  SCREWS 


(66) 

Receiving  Tubes.  Radio  Corp.  of 
America,  Harrison,  N.  J.  Applica¬ 
tion  Note  118  estimates  the  input 
admittance  of  receiving  tubes. 
Values  of  short-circuit  input  con¬ 
ductance  and  capacitance  for  a 
number  of  'r-f  pentodes  at  fre¬ 
quencies  of  50  to  125  me  are  given. 


SOCKET  SCREW "  KIT 


A  homdy,  useful  set  of  high-grade 
steel  tools — all  contained  in  a  con¬ 
venient  tread-grip,  hollow,  red 
plastic  handle — for  most  all  pur¬ 
poses  where  Phillips,  Hex  and 
Slotted  Head  Screws  are  used. 
Handles  are  corrosion  •  resistant, 
non  •  conductors  of  electricity  and 
light  in  weight.  Kits  are  available 
in  2  sizes:  #25,  medium  and  #50. 
large.  Each  has  a  swivel  bit- 
chuck  that  locks  securely  in  any 
one  of  five  positions. 


lllustratwcl  iiterofure, 
available  on  request, 
shows  more  models  of 
copper  oxide  rectifiers, 
plus  a  line  of  selenium 
rectifiers  and  photocelis. 
Write  for  "The  Bradley 
Une." 


(67) 

Mica  Capacitors.  Aerovox  Corp., 
New  Bedford,  Mass.,  recently  is¬ 
sued  inserts  30A  and  30B  showing 
engineering  details  of  two  new 
mica  capacitors.  Type  1690  is  de¬ 
signed  for  use  in  uhf  circuits  and 
is  ideal  for  aircraft  application. 
Type  1780  handles  up  to  2,000  kva, 
exceptional  for  its  size. 


Obtainable  at  Industrial  Distribu¬ 
tors  and  Hardware  Dealers 
throughout  the  country.  If  there  is 
no  Supplier  in  your  locality,  or  he 
is  sold  out.  send  us  his  name, 
along  with  yours,  and  you  will  be 
taken  care  of  promptly. 


(68) 

Instruments.  North  American  Phil¬ 
ips  Co.,  Inc.,  100  E.  42nd  St.,  New 
York  17,  N.  Y.  Form  No.  R-1066  is 
a  2-page  ready  reference  chart  cov¬ 
ering.  the  basic  characteristics  of 
fifteen  industrial  laboratory  in¬ 
struments,  with  a  diagram  accom- 


AN  IDEAL  GIFT. 
PREMIUM  OR  PRIZE. 


Ortr  44  Y»on  In  Butinnts 


ELECTRONICS 


lEIIIIIIIU 


ELECTRIC  WIRES 

CONDENSEII  rUTES 
SMIILI  METIL  STIMriimS 

in  accordance 
with  Customer’s  Prints 

• 

ACCURACY  •  PRECISION 
REASONABLE  DIE  CHARGES 

• 

Modern  Equipment  and  Factory 
No  Screw  Machine  Parts 

Pinoil-MUGUYEII  COMPm 

17  VIRGINIA  AVENUE 
PROVIDENCE,  R.  I. 


Value  Ful 

RIDER  BOOKS 

FOR  THE 
ENGINEER 


UNDERSTANDING 
MICROWAVES 
by  Victor  J.  Young 
Provides  a  foundation  for  un¬ 
derstanding  the  various  micro- 
wave  developments  af  past  five 
years . $6.00 


AC  CALCULATION  CHARTS 
by  Lorenien 

For  student  engineers  or  practising 
engineers  for  whom  it  provides  an¬ 
swer  five  times  faster  than  slide 
role . $7.50 


m.  ennin  KETBtffl 


MUST  for  NOISE-FREE  STORE  DEMONSTRATION 


CARRIES  AM,  FM  and  TV  ANTENNAS  ALL  ON  THE  SAME  MAST 


Increose  your  rodio  sales  by  bringing  home-like  recep¬ 
tion  to  ony  AM,  FM  and  TV  set  in  your  showroom  .  . 
eliminoting  all  interference  and  bothersome  noises. 

HERE'S  HOW:  The  Purotone  Signal  Booster  System 
is  easily  installed  on  the  roof  of  your  building.  A 
shielded  cooxiol  coble  runs  directly  from  the  most 
to  the  concealed  amplifier  on  the  display  floor. 


CATHODE  RAY  TUBE  AT  WORK 
The  underlying  theory  and  practi¬ 
cal  application  of  commercial  os¬ 
cilloscopes,  profusely  illustrated. 

$4.00 


Send  for  Latest  Catalog 


JOHN  F. RIDER  Publisher Jnc. 

404  FOURTH  AVENUE  NEW  YORK  16  N  T 
Export  Division:  Rocke  lnternotionol  Corp 
13  E  40th  Street,  New  York  1 6,  N  Y 


From  the  amplifier  a  radiating  wire  is  placed  incon¬ 
spicuously  oround  the  display  space.  I^o  direct  wire 
connection  to  rodio  sets  required.  One  system 
serves  any  number  of  floor  models.  Dual  wave  g 
traps  in  the  video-type  AAA-FM  amplifier 
bring  in  oil  stations  at  on  average  tone-  ^ 
level.  30-40  OB  gain  on  FM;  40-60  DB  m 
goin  on  AM.  'Effective  for  any  radio  m** 
department  layout.  m 

Writ#  for  illustrotod  circular.  W  ^ 


c  RRQtH  mFC.ioRP 

too  central  ave.,  - 


•  Transparent  Plastic  Enclosed 

•  S'/i  to  5  Milliwatt  Operation 

Sensitivity,  durability,  compactness  .  .  .  Tronsparent  plastic  cover  protects 
contacts  from  dust,  dirt,  and  accidental  operation  .  .  .  permits  instant  visual 
inspection  without  removol.  The  Type  1200  gives  positive  performance  on 
only  5  milliwatts  of  power.  With  light  contact  load  and  careful  adjustment, 
only  2'/i  milliwatts  ore  required. 

Other  Specifications 

15  to  25^  moke-break  current  differential  SPOT  contacts  of  pure  Silver  ,  .  . 
rated  at  1  Amp.  noninductive  .  .  .  Palladium,  Platinum  or  other  type  contoets 
on  special  order  •  Vocuum  varnish  impregnated  coils  furnished  in  resistances 
from  1  to  40,000  ohms  •  Armature  is  counter-balanced  to  permit  operation 
in  any  position  ...  to  prevent  vibrations  from  closing  contacts. 

•  Size  2"  X  2®|fi"  X  I’/i"  •  Weight  6%  oz. 

Write  today  for  May,  1947  catalog 


ADVANCE  ELECTRIC  &  RELAY  CO. 

1260  West  2nd  St.,  Los  Angeles,  California  •  Phono  Michigan  9331 


New 

LIGHTWEIGHT 

BATTERY  CHARGER 


FOR  HIGH-SPEED  BATTERY 
PHOTOFLASH  UNITS 

★  Sire  SH"  x  4^/4"  x  3*/4" 

'At  Weight  approximately  60  oz. 
if  Uses  long  life  dry  disc  rectifiers 
if  Pilot  lamp  indicates  when  charging 

At  Standard  model  adapted  to  110- 
120  Volt  50-60  Cycle  A.C.  Current. 
Designed  for  2  cell  4  volt  battery. 
Charging  rate  up  to  1  AMP. 


KOEHLER  MANUFACTURING  CO. 

MARLBORO.  MASS.,  U.$.A. 


RADIO 

ANTENNA 


FOR  MOBILE  UNITS 

H!gh-temp«red  steel  Antennas  and 
specially  designed  mountings  that  will 
meat  every  need  for  mobile  installations 
in  police,  fire  and  other  municipal  and 
governmental  services.  Get  the  new 
Premax  Antenna  Catalog  from  your 
radio  jobber. 


r 


n 


remax 


ProJudi 


Division  Chisholm-Ryder  Co.i'Tnc. 

4721  Highland  Ave.  Niagara  Falls,  N.  Y. 
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RUGGED 

DEPENDABLE 

ACCURATE 


PANEL  INSTRUMENTS 

For  utmost  reliability  —  specify  cmd  depend 
upon  Burlington  Panel  Instruments.  They  ore 
desicpied.  engineered  and  built  to  give  satis¬ 
factory  service  even  imder  most  severe 
applications  —  and  ore  fully  guaranteed  for 
one  year  against  defects  in  material  or 
workmanship. 

Write  today  for  full  details. 


BURLINGTON  INSTRUMENT  COMPANY 

121  FOURTH  STREET  BURLINGTON,  IOWA 


RLniCD 


RGIIETS 


•  Specialists  in  the  prodxxction  of 
highest  grade  Alnico  Magnets. 

•  Production  and  material  rigidly  in¬ 
spected  to  assure  highest  uniform 
quality. 

•  Castings  made  to  order  from  cus¬ 
tomer's  blueprints  or  sketches. 

•  Information  cmd  suggestions  sup¬ 
plied  on  recpiest. 

Monufoefurers  of  High  Coercive  ktageefle  Alleyt 

10001  ERWIN  AVENUE 
DETROIT  5,  MICHIGAN 


MAGNeiC  CORPO 


RESISTOR  EQUIPPED 

for  115 


V.  Neon  Lamps 


amout  ncmQ  in 


CANADA  Ccnao:an  Line.  Materials,  Limited,  Toronto  13 
FOREIGN  Philips  E*pO'’t  Corporation,  New  York  17,  N  Y. 


NEW  PRODUCTS 


(continutd) 


panying  each  case.  Copies  may  be 
had  gratis. 


(69) 

Facsimile.  Alden  Products  Co., 
117  N.  Main  St.,  Brockton  64AF, 
Mass.  An  interesting  catalog,  in 
the  form  of  a  file  of  reprints,  de¬ 
scribes  the  background  as  well  as 
the  latest  equipment  in  the  field  of 
facsimile  for  the  home,  business 
and  communications  in  general. 


W  Models  147-1143  and  147-1144 

I  INDICATOR  LIGHTS 

You  have  a  choice  of  Model  No.  147- 

1143  (with  200,000  ohm,  bmlt-in  re¬ 
sistor)  for  dim  glow;  Model  No.  147- 

1144  (with  100, (XX)  ohm,  built-in  re¬ 
sistor)  for  bright  glow;  or  Model  No. 
147-1142  (without  resistor)  for  Nos.  42, 
313  and  1815  Mazda  lamps.  All  models 
are  equipped  with  a  colored  lucite  pro- 

V  tecting  cap  which  encloses  the  lamp. 

M  All  metal  parts  are  ruggedly  precision 

■  made.  This  Gotheurd  Indicator  light 

”  assembly  radiates  a  quality  appearance 

that  will  be  a  definite  asset  to  any 
product  you  have  in  mind— and  it  is 
the  last  word  in  utility  and  economy. 
Gothard  Divkioa 

E.  F.  JOHNSON  COMPANY 

Wottca,  Minn.  /  \ 


(70) 

Electrical  Contacts.  Alloymet  Mfg. 
Corp.,  3  Grand  St.  Extension, 
Brooklyn  H,  N.  Y.  Monthly  data 
sheets  are  especially  prepared  to 
aid  research  and  development  en¬ 
gineers  with  the  proper  selection 
of  electrical  contact  materials  for 
specific  circuit  applications. 


(71) 

Marine  Communications.  Graybar 
Electric  Co.,  420  Lexington  Ave., 
New  York  17,  N.  Y.  The  Western 
Electric  248A  furnishes  powerful, 
dependable,  radiotelephone  com¬ 
munication  on  the  high  seas.  A 
complete  description  is  found  in 
bulletin  T2376. 


GMktrd  Catatac.  Hhn- 
tratiif  and  datcrib- 

iat  a  eaaiplata  lina 
al  ladkatar  Litfit  aft%. 
taMbliat  al  variad 
iixaa  aad  datiaa. 


ior'  lieat,  speedy  wiring 

VERSIFIEX  FUSTIC 

WIRE  AND  CABLE 

hangers 


(72) 

Cathode  Press.  Machlett  Labora¬ 
tories  Inc.,  Springdale,  Conn.  This 
quarterly  publication  reports  news 
of  interest  to  the  electronic  indus¬ 
try  at  large,  the  development  of 
new  products,  improvement  of  cur¬ 
rent  models  and  their  application. 
Copies  are  mailed  free  of  charge 
on  request. 


Available  in  a  wide  range  of  sizes,  diameters 
from  14"  to  2"  . .  .  Self-insulating  . . .  Light 
Weight . . .  Resist  Temperature  Extremes . . .  High 
Strength  .  .  .  Economical  .  .  .  IMMEDIATE 
DELIVERY! 


(73) 

Antennas.  Premax  Products,  Di¬ 
vision  of  Chisholm-Ryder  Co.,  Inc., 
Niagara  Falls,  N.  Y.  Six  pages 
cover  the  chief  features  of  f-m  and 
television  antennas.  Included  are 
dimension  charts  and  drawings  to 
aid  in  installation. 


Write  tor  toll  dotalls, 
•pacMcaNont  and  prkot. 


Tubes.  Radio  Corp.  of  America, 
Harrison,  N.  J.  A  16-page  pam¬ 
phlet  (CRPS-102)  is  now  available 
at  ten  cents  a  copy.  It  is  crammevl 
with  useful  technical  information 
on  113  types  of  phototubes,  c-r 
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mK'MZ-W 

NEUTRALIZING 

CONDENSER 

Thi  improved  design  of  the  NZ-10  feo* 
hires  smooth  micrometer  capacity  adjust¬ 
ment  and  positive  locking.  Suitable  for 
either  singie  ended  or  push  pull  stoges 
the  NZ-10  has  particular  application  in 
high  frequency  circuits  where  very  fine 
copacity  adjustment  is  required. 


ni  uauMiiai  urt.  ce..  lec.,  4m  «.  it.,  en  roti  t  a.T. 


•AVVrACTVKtnt  »RICISI«N  i«INNI(«T 


THERE’S  A  DRAKE 

SOLDERING  IRON 

FOR  EVERY  TYPE.  OF 
ELECTRONIC  WORK 


From  that  mighty  mite 


the  Drake  No.  400  to  the  high¬ 
speed  production  ^^honey^' 


the  Drake  No.  600-10  there  is  a 
high  quality  Drake  Soldering  Iron 
‘^just  right'’  for  the  job. 

Drake  Heat  Controls  and  the 
Drake  “Magic  Cup”  Stand  are 
important  soldering  aids. 


THE  GENERAL  ELECTRIC 


VARIABLE  RELUCTANCE  PICKUP 


^^ECORD  enthusiasts  are  critical  cus¬ 
tomers — whether  they  be  devotees  of 
Bach  or  boogie-woogie.  Better  and  better 
reproduction  of  their  favorite  recordings 
is  an  insistent  demand  that  must  be  met. 

The  General  Elecuic  Variable  Reluc¬ 
tance  Pickup  can  help  you  to  meet  that 
demand.  It  will  appeal  immediately  to  the 
technical  mind  due  to  its  simplicity  and 
direct  resolution  of  difficulties  often  asso¬ 
ciated  with  phonograph  pickups. 


Check  this  list  of  major  features 

#  Low  Noodio  Talk 

#  Nogilglblo  noodio  scratch 

#  Low  Distortion 

#  Pormonont  sopphlro  stylus 
G  MUnknum  record  woor 

#  Proquoncy  rosponso 

30-10000  cydos 
G  Not  affoctod  by  advorse 
climatic  conditions 


For  complete  information  write  ttx 
Central  Electric  Company,  Electronics  Department,  Syracuse  1,  N.  V. 


GENERAL  W)  ELECTRIC 


umiuTED  pusnes 


Phenol  Fibre... 


Water-,  oil-,  and  chemical-resisting  sheets  of  high  dielectric  strength. 
Supplied  in  black  and  r\ptural  color.  Standard  sheets  approximately 
49  X  49  inches.  Thicknesses  from  .010  to  9  inches.  Rods  and  tubes. 


YUleSniZBd  Fibrs  uniform,  high-grade,  hard  fibre  in  sheets  56  x  90 

Inches  to  save  waste  in  cutting.  Smaller  sheets  if  desired.  Abo  in 
standard-size  rods. 


FABRICATED  PARTS  •  TAYLOR  INSULATION  •  SILENT  GEAR  STOCK 
We*re  reody  whenever  you  ore.  Send  bfueprtnft. 

TAYLOR  FIBRE  COMPANY  Nenistewn,  Pessasyteoaia 

Facifle  Coast  Floats  La  Vesae.  Colifensia  •  Officee  la  Fsiacipol  Cities 


JPAMARCO 

PAMARCO  tensions  are  the  perfect 
answer  to  lower  coil  winding  costs! 

*  FINGER  TIP  TENSION  CONTROL 

*  OPERATOR  MAKES  OWN  ADJUSTMENTS 

*  NO  TOOLS  OR  ACCESSORIES  NEEDED 

*  FITS  ALL  COIL  WINDERS 

The  free-running  action  of  the  PAMARCO  tension  practically 
eliminates  defective  coils.  Their  compact  size  permits  more 
simultaneous  coil  winds  on  any  machine.  Operator  makes  all 
adiustments  for  any  gauge  wire  with  simple  thumbscrew. 

Write  for  literature  today 


PAPER  MACHINERY  &  RESEARCH,  INC. 

1014  OAK  STREET  •  ROSELLE,  NEW  JERSEY 
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NEW  PRODUCTS  (centinuad) 

* 

tubes,  and  special  tubes.  The  more 
important  types  are  illustrated. 


2100“  F  ^ 

witli  lELllFF 
RESISTANCE  WIRE 


FOR  RELIABLE  HEATING 
ELEMENTS  and  RESISTORS 

Even  the  devil  himself  could  not  with¬ 
stand  the  extreme  temperatures  to  which 
Jelliff  resistance  wires  are  subjeaed.  Con¬ 
stant  research,  application  study  and 
controlled  production  assure  you  fine 
quality  products  of  superior  performance 
and  long  life. 

Jelliff  resistance  alloys  are  used  exten¬ 
sively  for  industrial,  radio  and  electronic 
equipment;  domestic  appliances;  instru¬ 
ments;  transportation  apparatus  and 
materials  handling  equipment. 

For  specific  engineer¬ 
ing  data  applying  to 
your  problem,  refer  to 
the  new  and  complete 
56  page  Jelliff  Resist- 
[  ance  Alloys  Catalog. 


Type-  5594 

Triode  xenon-filled  thyratron,  fila¬ 
ment  type;  deionization  time,  ap¬ 
proximately  1  millisecond;  filament 
heating  time,  5  seconds;  tempera¬ 
ture  range  —75  to  —90  C. 


Ef  =  2.5  V 
I  f  =  5  amp 

E^rop  “  TO  V 


Tube  Registry 


The  information  furnished  by  the  RMA 
Data  Bureau  has  been  abridged  and  only 
the  more  significant  dimensions  are  given. 


Ef  -  6.3  V 
/f  —  0.175  amp 
Ciu  “3.0  mmF 
C..«  =  3.0  mmF 

fCp  “0.01  niti 


Typical  Operation  g 


Eti  “1120.V 
5.2  ma 

0  V 

'3.5  ma 

,  —  2  V 

'  3,200  /imbuti 


BOTTOM.  VIEW 
5594 


Control  (referred  to  filament  center 
tap) 


Pentode  voltage  amplifier,  heater 
type,  integral  glass  envelope-base; 
T-5i  bulb,  miniature  7-pin  button 
base;  maximum  bulb  temperature 
120  C.  Maximum  power  output,  1.7 
watts. 


E,(Ep  “  2,500  v)  “  -  8  V 
E.  {Es  “  100  v)  “  -  2.25  v 
Critical  Es  at  i,000  v  “  6.5  v 

Maximum  Ratings  (to  500  cps) 

Ei.,  “  5  kv 
/»  “  2  amp^Tpeak) 

J?k]=  2.5  kvj 
/»]“  0.5  amp 
(aversKe  30 
aeconds) 


Type  6AS6G 


Writ*  Dept.  L201  for  Catalog  No.  46 


SUPERIOR 
ELECTRONIC 
P^fOfyOCTS 

vsed  in  ti 


ANODE  AND  GRID 
CYLINDERS- 

Straight  cut,  ongle 
cut  or  rolled  edge 
Tubing  produced  to 
very  close  tolerances. 

DISC  CATHODE  ASSEMBLY- 

Precision  made  and  laboratory 
controlled  to  assure  correct  emis¬ 
sion  and  cut-ofF  characteristics. 

The  expanding  televi¬ 
sion  industry  has  turned  to  Superior’s 
Electronic  Division  for  the  conception 
and  production  of  these  vital  parts 
within  the  television  tube. 


TUBE  COMPANY 

ELECTRONIC  DIVISION 

2500  GERMANTOWN  AVENUE 
NORRISTOWN,  PENNA. 


The  C.  0.  JELLiFF 
MANUFACTURING 
CORPORATION 


FOREMOST  DEPENDABLE  SERVICE 
'^Tb  tfc^uA  ^pec^U^^^aXC’Cn^ 

aUADRIGA 


OC  BkBW  I  Kwniw 

EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 

- -  llADIO*^M 


GRID  CONTROL  RECTIFIERS 


LONG  LIFE 


W«  Mak* 

Complat* 
Equipment 
For  Tho 
Manufacture 
Of  Incandes¬ 
cent  Lamps 
Radio  and  Elec¬ 
tronic  Tubes. 


QUICK  START 


These  inexpensive  rectifier 
tubes  are  designed  for  indus¬ 
trial  applications  such  as  weld¬ 
ing  control,  motor  control, 
etc.,  at  ambient  temperature 
limits  of  approximately  —40° 
to  +80°  C. 


TRANSFORMERS  OF  ALL  TYPES 


CHANeiNft 

DimilUflbN 

rrc. 


RATINGS*  CE-311**  CE320 

OC  Ampere  output 

AAox.  Average  Continuous . .  1 .5  2.5 

•  Oicillogroph  Peok  . 6.0  30.0 

Peak  Inverse  Volts  (Max.  Inst.) .  1000  1250 

Filament  Volts . . .  2  J  2.5 

Amperes  . 6±1  9±:2 

Approx.  Heating  Time  (in  sac.)  15  30 

*  Condensed  mercury  temperature  40  —  70°  C. 

**  Also  available;  medified  types  CE-333A  and  CE-393A. 


Sizes  1/4  To  250  KVA 

SPOT  WELDERS 

OF  AU  TTPfS 
FOR  ALL  PURPOSES 
SIZES  Ve  to  2S0  KVA 
Buff  Welders  -  Gee  Welders 
Arc  Welders 
Neon  SIqe  Uelts 
Flueresceet  Tube 
Manefocterleg  Equipment 

CHAS.  EISLER 

EISLER  ENGINEERING  CO..  INC. 

7SI  So.  I3tli  8L  (Ntsur  Avon  Ave.),  Nasvark  3.  N.  J. 


For  technical  data  and  sf^cial  information  write  to 


CONTINENTAL  ELECTRIC  CO 

Geneva,  Illinois 


SPECIAL 


LUI  ralmow  ^re€^uenc^ 

Q"  INDICATOR 


Type  No.  1030.  Frequency  range  20  to 
200,000  cycles,  "Q"  range  from  .5  to  500. 
"Q"  of  inductors  measured  with  up  fo  50 
volls  across  the  coil. 

INDISPENSABLE  INSTRUMENT  FOR 

MEASUREMENT  OF:— 
"Q"  and  inductance  of  coils 
"0"  and  capacitance  of  capacitors  Dialactric 
lossas  and  power  factor  of  insulating  materials 

FREED  TRANSFORMER  CO.,  INC. 

Instruments  Division 

72  Spring  St.  New  York  12.  N.  Y. 


SOLDERING  FLUX 


An  opportunify  for  you  to 
learn  the  advantages  of  fam¬ 
ous  Rubyfluid  Soldering  Flux. 
Special  offer  includes  I  pt.  of 
liquid,  1/2  lb.  paste  flux  and 
helpful  booket,  "How  to  Sol¬ 
der" — all  three  for  only  $1. 

Send  your  $1  today  to  .  .  . 


QUALITY  WASHERS 


Make  sure  with  washer  precision  matching  your  engineering.  Half  a  cen¬ 
tury  of  experience.  Facilities  for  quick  production,  any  quantity,  small  or 
large.  Also  wire  terminals,  and  SMALL  STAMPINGS,  any  design.  With¬ 
out  obligation  advise  us  of  your  needs  for  prompf  estimate.  Ask  for 
^  QUADRIGA  Cafalog.  ^ 

P  f I  The  Quadriga  Manufacturing 

V  F  221-A  w.  grand  ave., 

^  4  CHICAGO  10.  ILLINOIS  ... 


RUBY  CHEMICAL  CO. 

59  McDowell  St. 
Columbus.  Ohio 
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This  versatile  metal  forming  machine  was  develop>ed 

for  use  in  model  shops,  experimental  laboratories  and  production  depart¬ 
ments  where  it  often  replaces  dies  for  all  types  of  precision  forming  opera¬ 
tions.  Di-Acro  Brakes  will  form  a  gr^t  variety  of  materials  including 
bronze,  stainless  steel,  alumimun  and  bi-metals. 


WRITE  FOR  CATALOG.  New  ^ition  of  40-page  Di-Acro  Catalog  contains 
detailed  information  on  all  Di-Acro  Brakes,  Shears, 
and  Benders  and  illustrates  how  these  precision  ma¬ 
chines  can  be  used  individually  or  cooperatively  for 
“DIE-LESS  DUPLICATING”. 


'4  DI-ACtO  it  Pr«n*wnc«d  "Di*-Ack-Re" 


iftfcisiOM 


onEiL-min  mFD.co 


32T^«TH  AVE.,  LAKE  CITY,  MINNESOTA 


A  light-weight 
water-tight  assemhiy 

lh«  quick,  •a$y  and  FULLY  DEPENDABLE  way  of 
torminating  a  coaxial  lino  whoro  it  joint  tho  conter  of 
a  half-wavo  doublet  antenna — the  B  A  W  CC-50  Con¬ 
nector.  Made  of  cast  aluminum  and  weight  only  1 2 
ounces.  Steatite  insulation.  Forged  zinc  dipped  steel 
eye  bolts  provide  handy  soldering  connections.  De¬ 
signed  for  all  coaxial  cables  such  as  RGI 1/U,  RG34/U 
or  similar  types  with  either  single  or  twin  leads. 'Makes 


an  absolutely  watertight  seal.  Ideal  for  use  at  center 
insulator  for  a  half-wave  doublet. 

AIR  INDUCTOR  HEADQUARnRS 


B  A  W  ‘‘Air-Wound"  In¬ 
ductors  com*  in  typos, 
shapes  and  siios  for  almost 
every  ceil  application. 


BARKER  a  WILLIAMSON 

237  Fairfield  Avenue,  Upper  Darby,  Pa. 


M  »  T  *  A 


(continued  from  p  144) 

ness  session  of  the  23rd  annual 
RMA  convention  at  the  Stevens 
Hotel,  Chicago. 

New  president  Is  Max  F.  Balcom^ 
vice-president  and  treasurer  of  Syl- 
vania  Electric  Products  Inc.,  of 
Emporium,  Pa.,  succeeding  Ray 
C.  Cosgrove,  general  manager  of  the 
Crosley  Division,  Cincinnati,  who 
concluded  three  years  of  service  as 
RMA  head. 

Treasurer  Leslie  F.  Muter,  of  the 
Muter  Co.,  Chicago,  was  reelected 
for  his  thirteenth  term.  The  Board 
of  Directors  also  elected  two  new 
vice-presidents,  reelected  three 
others.  Four  new  directors  were 
added  to  the  board,  and  eleven  di¬ 
rectors  wert  reelected.  Two  new 
division  chairmen  were  elected  by 
their  respective  divisions,  and  three 
division  chairmen  were  reelected. 
Reappointed  director  of  the  RMA 
Engineering  Department,  Dr.  W.  R. 
G.  Baker,  vice-president  of  General 
Electric  Co.,  Syracuse,  N.  Y.,  re¬ 
mains  a  member  of  the  Board  of 
Directors. 

Among  the  new  industry  services 
authorized  by  the  newly  organized 
RMA  Board  of  Directors  was  the 
expansion  and  modernization  of 
RMA  statistical  services  to  cover 
the  movement  of  radio  and  televi¬ 
sion  receivers  through  distribution 
channels  and  their  retail  sales.  A 
special  committee  was  appointed  by 
president  Balcom  to  set  up  the  ma¬ 
chinery  by  which  a  monthly  panel 
survey  of  the  movement  and  sale 
of  radio  sets  can  be  made.  The 
board  appropriated  $10,000  to  fi- 


New  RMA  head.  Max  F.  Balcom  of  Em 
porium.  PennsylTonia,  has  been  active  in 
association  affairs  for  the  past  12  years 
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HEX-SOCKET  SETi 


MANUFACTURING  CO. 

1713  W.  HUBBARD  ST.,  CHICAGO  22 


NEWS  OF  THE  INDUSTRY 


nance  the  establishment  of  this  new 
service. 

The  directors  also  voted  to  ex¬ 
pand  the  RMA  headquarters  staff 
to  provide  additional  administrative 
services  for  transmitter  and  parts 
manufacturers. 

Uniform  f-m  receiver  dial  mark¬ 
ing,  using  megacycle  listings  in¬ 
stead  of  FCC  channel  numbers,  was 
recommended  for  the  RMA  Set  Di¬ 
vision  by  Chairman  Paul  Galvin. 
This  recommendation  concurs  with 
that  of  the  RMA  Engineering  De¬ 
partment. 

An  appropriation  of  $20,000  for 
the  preparation  of  National  Radio 
Week  promotion  material  was  made 
by  the  retiring  Board  of  Directors. 

Publication  of  a  report  on  recom¬ 
mended  basic  standards  for  school 
sound  recording  and  playback 
equipment  was  made  by  the  board 
upon  recommendation  of  the  School 
Equipment  Committee.  This  pub¬ 
lished  report,  prepared  in  coopera¬ 
tion  with  the  U.  S.  Office  of  Educa¬ 
tion,  will  supplement  the  “School 
Sound  Systems”  brochure  published 
by  the  RMA  last  fall  and  distrib¬ 
uted  to  schools  and  colleges  by  the 
I  Office  of  Education. 

!  An  intensification  of  the  RMA 
“Radio-in-Every-Room”  set  sales 
promotion  campaign  was  reported 
to  the  Board  of  Directors  and  the 
Advertising  Committee.  The  com¬ 
mittee  approved  a  slide  film  “Let’s 
Get  Personal”,  which  will  be  avail¬ 
able  to  retail  trade  groups. 


HEW  UNDERWRITER’S  APPROVED 

125  VOLT— CANDELABRA 

BAYONET  SOCKET  ASSEMBLIES 


OW  you  can  get  Ane  Under- 
’  candelabra 


writer’s  Ai 
Dial  Light  Socket  Assemblies  by 
DRAKE!  The  No.  900  series  is  de¬ 
signed  for  radio  use,  and  the  No. 
A900  series  for  general  use.  Both 
are  double  contact,  candelabra, 
bayonet  Assemblies  housing  1 1 5  V 
household  type  lamps,  available 
from  5  to  2  5  watts.  They  are  U.L. 
approved  for  75W-125V  service. 
Can  also  be  used  with  6V  auto¬ 
motive  lamps. 

The  bayonet  type  eliminates  vibra¬ 
tion-loosened  lamps  and  requires 
less  space  than  screw  type.  Can  be 
supplied  with  any  type  mounting 
bracket.  Lead-in  wires  from  2'A^ 
to  60".  Made  to  traditional  DRAKE 
standards  of  precision  and  rugged 
dependability.  Check  with  our  en¬ 
gineers  on  your  requirements, 
today! 


ASK  FOR  OUR  NEW 
CATALOG  •  NO  OBLIGATION! 


New  AIEE  Officers 


Blake  D.  Hull,  chief  engineer  of 
Southwestern  Bell  Telephone  Co., 
St.  Louis,  Mo.,  has  been  elected 
president  of  AIEE  for  the  year 
beginning  August  1,  1947,  as  an¬ 
nounced  at  the  annual  meeting  of 
the  Institute  held  in  Montreal.  The 
other  officers  elected  were:  Vice- 
Presidents:  G.  W.  Bower,  Haddon- 
field,  N.  J.,  J.  H.  Berry,*  Norfolk, 
Va.,  I.  M.  Ellestad,  Omaha,  Nebr., 
D.  1.  Cone,  San  Francisco,  Calif., 
D.  G.  Geiger,  Toronto,  Ontario ; 
Directors:  W.  L.  Everitt,  Urbana, 
Ill.,  A.  C.  Monteith,  East  Pitts¬ 
burgh,  Pa.,  Elgin  B.  Robertson, 
Dallas,  Tex.;  Treasurer,  W.  1. 
Slichter,  New  York,  N.  Y.  (re- 
election). 

The  annual  report  of  the  Board  of 


In  collars,  pulleys,  couplings  of  all  types, 
Allen  Hex-socket  Screws  grip  with 
never  a  slip.  Formed  and  threaded  by 
Allen -perfected  processes,  applied  se¬ 
lectively  to  produce  the  strongest  pre¬ 
cision  screw  in  a  given  size.  High 
Class  3  lit  standard;  Class  4  on  special 
order.  Call  your  local  Allen  Distrib¬ 
utor  for  samples  or  demonstration. 


Socket  and  Jewel 
LIGHT  ASSEMBLIES 


ELECTRONICS 


U  -.W.  ■  ’ 

THE  ALLEN  MFC. 

HARTFORD,  CONNECT 

COMPANY 

1  C  U  T,  U  S  A 

^<yi  ^riCiccU 


S7ABIUZ^t>' 


IF6  CRYSTAL  FILTER 
WITH  HIGHER  Q 

Th*  "StabUii*<l"  IF6  iilter  cryatol  ha* 
bacom*  standard  with  many  oi  America's 
leading  receiver  monuiacturers— and  ior 
good  reason,  too.  Our  "Stabilizing" 
process  materially  raises  the  Q — permits 
sharp  signal  discrimination.  The  holder 
has  lower  capacity  and  the  crystal  is 
iree  from  spurious  irequencies  within  +0 
— 10  KC  of  operating  frequency.  Normally 
supplied  in  455  KC,  but  can  also  be  sup¬ 
plied  in  a  wide  frequency  range. 

Catalog  On  Request  Or  Write  Us 
About  Your  Crystal  Problems 


The  JAMES  KNIGHTS  CO. 

SANDWICH,  ILLINOIS 


SMALL  PARTS 

Filaments.  anodes,  supports,  springs, 
etc.  ior  electronic  tubes.  Small  wire  and 
flat  nfetal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
*^-inch.  -Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 
Inquiries  will  receive  prompt  attention. 

ART  WIRE  AND 
STAMPING  GO. 

227  High  St.  Newark  2,  N.  J. 


JUS1  ANOTHER  TRAHSEORMER? 

"  «««>«»■' 


TRANSFORMERS 'COILS 

Any  or  all  Types  bnilt  to  individual  specifications 
RESEARCH-DESIGN-PRODUCTION 
Single  Items  or  Quantity  Production 

GOSLIN  ELECTRIC  AND  MANUFACTURING  CO. 

2MI  WEST  OLIVE  STEEET  BURIANK.  CALIFORNIA 


BAACH-INTERNATIONAL 


Olmmmtioss 
24"z24"z72"  higli 


EIGHT  HEAD 


FLARE  MACHINE 


Automatic  throughout. 

Can  ba  tynchronizad 
with  automatic  Stem 
machine. 

Cuts  off  and  flarai  in 
ona  operation. 

Production  1250  flares 
par  hour.  For  minia¬ 
ture  flares,  fluores¬ 
cent  starters,  stand¬ 
ard  siza-  lamps,  fluo- 
rascant  and  radio 
tubas. 

RANGE  OF  MACHINE 
Glass  tubing 
27  to  45  gouge 

Length  of  Roret 
5  mm.  to  80  mm. 

Forms  flares  up  to 
47  mm.  diam. 

Net  weight,  960  lbs. 
Cress  weight 
1450  lbs. 


INTERNATIONAL  MACHINE  WORKS 

Manufacturers  of  High  Vacuum  Pumps,  Aufo- 
meflc  Machinery  for  Incandescent  Lamps, 
Electronic  Tubns  since  1916. 

2027  -  46TH  STREET 
NORTH  tERGEN.  N.  J.,  U.  S.  A. 

TN.  UNion  3-7412 

Cable  Address  "Intermech”  North  Berten.  N.  J. 


''One  Good  Tt$rn  •  or  a  Million** 


it  Here,  in  expended  plant  facUitiez,  GRACOIL  Coils  and  Transformers  are  expertly  designed 
and  built  to  exact  speciUcations.  Plan  your  next  product  with  GRACOILS. 

THE  GBAHEB  COMPANY 

Established  in  1935 

Electrical  Coils  and  Transformers 

2736  N.  PULASKI  RD.,  CHICAGO  39,  tLL. U.  S.  A. 
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HE  General 
Industries 


NEWS  OF  THE  INDUSTRY 


(continuad) 


Directors,  presented  at  the  meeting, 
showed  a  total  membership  on  April 
30,  1947,  of  26,478. 


OVER 

1,000,000 

CYCLES 


Tube  Standards 

Four  new  standards  covering  the 
design  and  construction  of  electron 
tubes  have  been  published  as  joint 
RMA-NEMA  standards  and  are 
available  from  National  Electrical 
Manufacturers  Association,  155  E. 
44th  St.,  New  York  17,  N.  Y. 

Standards  for  Electron  Tube 
Bases,  Caps,  and  Terminals;  NEMA 
Publication  No.  500;  dimensional 
characteristics  for  electron  tube 
bases,  caps  and  terminals;  letter 
and  number  designations  for  bases, 
caps,  and  such  other  parts  as  mate 
with  sockets  or  connector  attach¬ 
ments;  19  pages,  $1.50. 

Standards  for  Dimensional  Char¬ 
acteristics  for  Water-cooled  Trans¬ 
mitting  Tubes;  Publication  No.  501 ; 
4  pages,  $.25. 

Standards  for  Dimensional  Char¬ 
acteristics  of  Electron  Tubes;  Pub¬ 
lication  No.  502;  outline  dimen¬ 
sions  of  electron  tubes,  such  as 
acorn  types,  miniature  types,  metal 
types,  metal-enclosed  glass  types, 
locking-in  glass  types,  and  other 
various  glass  types,  classihed  by 
group  numbers;  10  pages,  $.80. 

Standards  for  Gauges  for  Elec¬ 
tron  Tubes;  Publication  No.  503; 
specified  dimensions  and  tolerances 
for  ring  gages  for  checking  maxi¬ 
mum  and  minimum  base  and  sleeve 
diameters.  It  also  covers  alignment 
gages  used  to  govern  the  spacing 
and  alignment  of  base  contacts  and 
such  other  factors  as  may  be  impor¬ 
tant  to  interchangeability ;  5  pages, 
$.50. 


(Single  units  or  ganged  os  iHus'rotedl 

NEW!  Fairchild's  new  Linear  single- turn  Potentiometers  are  small 
precision  instruments  —  that  out-perform  conventional  potentiom¬ 
eters.  Sustained  accuracy  and  long  service  are  assured  by  Fairchild 
construaion  that  includes  contacts  composed  of  gold,  platinum  and 
silver  alloys.  Performance  includes  a  guaranteed  linearity  accurate 
to  0.15%  (2"  size);  0.1%  (3"  size)  . . .  less  than  one  ounce-inch 
torque  and  4  or  5  watt  power  dissipation . . .  100  to  100,000  ohm 
resistance  "range . . .  single  or  ganged  flexibility  ...  351®  and  355® 
angles  of  elearical  rotation.  Available  in  2”  and  3"  sizes.  Engi¬ 
neered  for  quantity  production.  For  further  information  address: 
Dept.  88-06  Van  Wyck  Boulevard,  Jamaica  1,  New  York. 


CAMERA 

AND  INSTRUMENT  CORPORATION 


RKORDSUPTOIO'^DUMETIK 


PLAYS  RECORDS  UP  TO  12 


!mODEL  GI-R90 
DUAL-SPEED  HOME 
ftKORDINO  AND 
PHONOGRAPH  ASSEMRLV 


ONE  BUnON  CONTROLS  SPEB) 
^8  or  331/3  R.P.M. 


JUST  LOWER  CUTTING  ARM  TO  START  RECORDING 


Relay  Manufacturers 
Form  Association 

The  National  Association  of 
Relay  Manufacturers  was  form¬ 
ally  organized  in  Chicago  in  May 
when  representatives  of  leading 
relay  manufacturers  from  all  parts 
of  the  country  drew  up  a  charter  of 
aims  and  elected  Ralph  T.  Brengle, 
of  Potter  &  Brumfield  Sales  Com¬ 
pany,  Chicago,  as  the  first  president 
Also  named  to  the  executive  panel 
at  the  time  were:  C.  P.  Clare,  of 


Send  for  details  on  this  fine  unit, 
and  for  complete  information  on 
the  complete  Smooth  Power  line  of 
Phonomotors,  Recorders  and 
Combination  Record-Changer 
Recorders. 


Your  customers  will  be  delighted 
with  the  high-quality  home  record¬ 
ings  they  can  make  on  this  GI  Dual- 
Speed  Home  Recording  and  Phono¬ 
graph  Assembly.  Equipped  with 
ample  Smooth  Power  for  recording 
or  reproducing,  it’s  simple  as  ABC 
to  operate.  It’s  sturdily  built  to 
stand  up  under  hard  use  .  .  .  and 
it’s  remarkably  low-priced  for  vol¬ 
ume  sales. 


ELYRIA,  OHIO 


ELECTRONICS 


★Star 


VITAL  AIDS 


FOR  THE 


Manufacturers  of  7-pin  and  9-pin 
miniature  tube — radios  and  equip¬ 
ment 


#JE-9  (t-pin)— #JE.I0  (7-pin) 
— Sf«r  Miniatur*  lockat  wirinq 
plugs  for  aceurata  alignmant 
of  minlafura  sockat  contacts 
during  wirinq.  Pracision  cast 
of  line  basa  alloy  —  pins  of 
stainlass  staal. 


#JE  .15  (9  .  pin)- 
#JE-  13  (7.pin)- 
Star  Miniatura  tuba 
p  i  n  straightanars 
(with  stainlass  staal 
insart)  to  obtain  a 
parfact  fit  whan  tha 
tuba  is  placad  In 
tha  aquipmant. 


Scientifcally  designed — Precision  made 

READY  FOR  IMMEDIATE  DELIVERY 
IN  ANY  QUANTITIES 

STAR  EXPANSION  PRODUCTS  CO.  INC. 

147  Cedar  St.  New  York  6,  N.  Y. 


ISWHITE 


yW-Wedt^ 


•  Noiseless  in  operation 

•  Strong  and  durable 

•  Good  performance  in  all 

climates 


STANDARD  RANGE 
MOOO  ohms  to  10  megohms 
e  NOISE  TESTED  • 

At  slight  additional  cost,  resistors  in  the 
Standard  Range  are  supplied  with  each 
resistor  noise  tested  to  the  following  stand' 
ord:  “For  the  complete  oudia  fraqeeiscY 
range,  resistor  shall  hove  less  noise  than 
corresponds  to  o  change  of  resistance  of 
*1  port  in  1,000,000.** 


HIGH  VALUES 


15  to  1,000,000  megohms 


THE  Sw  S.  WHITE  DENTAL  MFO.  CO. 


INDUSTRIAL 


DIVISION 


DiFT.  R,  to  EAST  40tb  ST.,  NIV  YORK  I*.  M.  Y.. 
niiMU  •Marts  •  rusiau  SMan  teou  •  awcaart  acesssaatst 
usau  catnna  awe  aaniaiwa  toots  •  srtciaaroanaia  tasant 


Omtol j4m€fUcciAAAAA 


KIRKLAN  D 

PILOT'UCHT5 

ARE  DISTRIBUTED 
NATIONALLY  BY 


ERALELECntlC 

SUPPLY  CORPORATION. 


Gray-  BTTR 

ELECTRIC  COMPANY.  INC. 


WESTINC3J0USE 

ELECTRIC  SUPPLY  COMPANY 


One  of 


Many 

Kirkland 


Units 

Na.tMUail 

Underwriters'  Approved  heavy  duty 
unit  for  120V  service.  S6  bulb. 

Single  hole  mounting  in  l-%" 
diameter  hole.  Overall  length  of 
threaded  area  l-^^e".  Also  ideal 
for  building  Lamp  Annunciators 
(furnished  with  flat  lens  for  letters 
or  numbers).  Write  for  Catalogue. 

THE  H.  R.  KIRKLAND  CO. 

Morristown,  N.  J. 


TIMER  &  CONTACTOR 

FOR  440  V  10  KVA 

LOW  CAPACITY  &  LABORATORY  220  V  5  KVA 

SPOT  WELDERS  110  V  3  KVA 

Timer  Graduated  from  2-80  Cycles  ia  Two  Ranges. 

Aecnrote  to  rt=  2%  at  Any  Setting. 

Time  Delay  &  Thermal  Overload. 

DELIVERY  3  WEEKS  PRICE  $350 

SEQUENCE  TIMING  GBH  PRODUCTS  CO. 

&  HEAT  CONTROL  180  DAVISON  ST.  . 

SUPPLIED  ON  REQUEST  LYNBROOK.  N.  Y. 


j^re^errea  \ 

as  a  source  of  pre-  j 
cision  -  made 
WASHERS  and 
STAMPINGS 
manufactured  to 
your  specifications 


CUP  WASHERS  manutacTurea  to 
for  Binding  Screws  7°“''  specification! 

WHITEHEAD  STAMPING  CO. 


1691  W.  Lafayette  Blvd. 


Detroit  16,  Michigan 
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PHOTO  ELECTRIC 
CELLS 


BRADLEY 

LABORATORIES,  INC 


BUD  RADIO,  INC 


82  Meadow  St.-  New  Haven  10,  Conn 


(continued) 


NEWS  OF  THE  INDUSTRY 

C.  P.  Clare  and  Company,  Chicago, 
vice-president;  and  J.  J.  Rowell,  of 
Guardian  Electric  Manufacturing 
Company,  Chicago,-  secretary-treas¬ 
urer. 

The  initial  goal  of  the  organiza¬ 
tion  is  the  establishment  of  a  code 
of  standards  by  which  electrical 
relays  may  be  tested  and  rated  so 
that  buyers  do  not  receive  widely 
differing  relays  from  two  manufac¬ 
turers  even  though  published  speci¬ 
fications  in  the  past  have  been  iden¬ 
tical.  Other  mutual  problems  to 
which  solutions  will  be  sought  are 
material  specifications,  general 
characteristics,  classifications,  gov¬ 
ernment  and  underwriters’  specifi¬ 
cations,  and  more  effective  metal¬ 
lurgical  research  for  improvement 
in  performance  and  durability  of 
products. 

The  relay  industry  comprises 
some  80  manufacturers  including 
those  who  build  relays  in  addition  to 
other  types  of  electrical  equipment. 
Latest  estimates  show  that  the  total 
annual  business  of  the  industry 
amounts  to  more  than  $100,000,000. 

Firms  representing  the  industry 
at  the  organization  meeting  were: 
Advance  Electric  and  Relay  Co.,  Los 
Angeles;  Automatic  Electric  Manu¬ 
facturing  Co.,  Mankato,  Minn.; 
C.  P.  Clare  and  Co.,  Chicago;  Con¬ 
trol  Corp.,  Minneapolis;  Guardian 
Electric  Manufacturing  Co.,  Chi¬ 
cago  ;  Leach  Relay  Co.,  Los  Angeles ; 
Potter  &  Brumfield  Manufacturing 
Co.,  Princeton,  Indiana;  Price  Elec¬ 
tric  Corp.,  Frederick,  Md. ;  Struth- 
ers-Dunn,  Inc.,  Philadelphia;  Phil¬ 
lips  Control  Corp.,  Chicago;  R.  B. 
M.  Manufacturing  Co.,  Logansport, 
Indiana;  and  Allied  Controls,  New 
York  City. 


74eBUD  J? 
CONDENSER  LINE 


covers  all  your  needs 
for  qualify  condensers 


Bradley  Luxiron*  photocells  im> 
prove  control  over  manufacturing 
operations,  reducing  your  costs. 
They  meet  the  most  exacting  re* 
quirements.  Advanced  manufac¬ 
turing  techniques  make  light* 
actuated  Bradley  cells  the  choice 
all  over  the  world. 

Luxtron  photocells  convert  light 
directly  into  electrical  energy.  No 
external  source  of  voltage  is  re* 
quired.  Besides  the  housed  model 
shown  with  its  plug*in  contacts, 
Bradley  also  offers  tube  socket, 
nut*and*bolt  types  and  pigtail 
contact  mountings.  In  addition, 
Luxtron  unmounted  cells  are 
available  in  many  different  sizes 
and  shapes. 


The  TINY  MITE  condensers  include  a 
complete  line  of  padders  and  single  and 
dual  section  tuning  condensers.  When 
space  or  weight  are  limiting  factors  .  .  . 
these  condensers  will  "fit  the  bHl”. 


Modern  design,  plus  precision  production 
methods  makes  BUD  GIANT  transminer 
condensers  the  choice  of  critical  engineers 
for  use  in  such  applications  as  broadcast 
transmitters,  high-powered  trans-oceanic 
communication  equipment  and  many  other 
highly  specialized  electronic  devices. 

And  this  isn't  all!  Have  your  local  dis¬ 
tributor  show  you  the  complete  BUD  Con¬ 
denser  Line  and  see  for  yourself  its  many 
exclusive  advantages ! 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
Bradley  photocells,  plus 
a  line  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  "The  Bradley 
Line." 


Radar  Laboratory 

A  NEW  experimental  radar  labora¬ 
tory  at  Air  Materiel  Command 
headquarters,  Wright  Field,  is  con¬ 
structed  almost  entirely  from  wood 
so  as  to  offer  a  minimum  of  inter¬ 
ference  to  radar  equipment  under 
test  inside.  The  100  by  200  foot 
structure  reaches  to  a  height  of 
75  feet,  and  is  located  on  a  hilltop 
affording  maximum  radar  coverage 
of  the  Wright  Field  area.  It  is  to 
be  used  for  testing  operation  of 
new  ground  and  airborne  radar 
equipment  as  well  as  for  calibrating 


BUD  Can  Supply 
All  Your  Needs!  .  . 


.  .  .  with  the  latest  types  of  equipment 
including:  condensers — chokes — coils — in¬ 
sulators — plugs — jacks —  switches —  dials — 
test  leads — jewel  lights  and  a  complete 
line  of  ultra-modern  cabinets  and  chassis. 


ELECTRONICS 


Specify 

MYCALEX 

LOW  LOSS  INSULATION 

Where  high  mechanical  and  elec¬ 
trical  specifications  must  be  met. 


For  Complete  Catalog  and  | 
Specifying  information  on 
MYCALEX  400,  K.  &  410 
refer  to  pages  84-85  in -the 
1947  Mid-June 

BUYERS'  GUIDE  ISSUE 


OF  ELECTRONICS. 


27  years  of  leadership 
in  solving  the  most 
exacting  high  frequency 
insulating  problems. 

MYCALEX  CORPORATION  OF 
AMERICA 

"Own«r*  of  'MYCALEX'  Pafanti" 

Plant  and  General  Offices:  Clifton,  N.  J. 
Executive  Offices:  30  Rockefeller  Plexa 
New  York  20.  N.  Y. 


e  Legri  S 

^  for 

•  RESISTORS 

Half  -  One  -Two  W  aff 

•  INSULATED 

•  ANY  TOLERANCE 

•  WE  CALIBRATE  RESIST¬ 
ORS  within  I  and  2%  Toler- 


•  ANY  QUANTITY 

•  ANY  MAKE 

Immediate  Delivery! 

WE  SHIP  THE  SAME  DAY  YOUR 
ORDER  IS  RECEIVED 

Inquire  Today! 

LEGRI  S  COMPANY,  Inc. 

ELECTRONIC  PARTS  AND  COMPONENTS 

846-850  Amsterdam  Ave. 

NEW  YORK  25,  N.  Y.  1 

AC  2-0018 


The  stringent  requirements 
of  a  radio  of  distinction 
call  for  high  calibre  trans¬ 
formers  and  electrical  coil 
windings.  For  superior 
quality  and  production, 
manufacturers  use  Dinion 
Transformers  and  Coils. 


I 


CERAMIC 

Properties  and  Characteristics  of  Oer 
LAVITE  SI -5  Steatite  Ceramic  Body 

Compr*«8iv«  Strength  . ••,000  lbs.  p«r  »quar*  inch 

Tpntilp  •trvngth  .  7,200  ib«.  per  square  inch 

Fluxural  Strength  . tO,SOO  lbs.  per  square  in^ 

Modulus  of  Rupture . 20,000  lbs.  per  square  inch 

Dielectric  Strength  . 23S  volts  par  mil 

Dielectric  Constant  . 0.42 

Loss  Factor . 2.90  i 

Power  Factor  .  446  *  megacycle 

•ulk  Specific  Gravity . 2.664Ab 

Density  (from  above  gravity).  .  .0.096  tbs.  per  cubic  inch 

Hardness  (Mohr  scale) . .  .  .7.0 

Softening  Temperature  . 2.390  F. 

Linear  Coefficient  of  expansion . . . 8.13x10—41 

Moisture  Absorption  (ASTM  D-tl6-42-A) . 0.0090/o 

Design  engineers  and  manufacturers  in  the  radio, 
electrical  and  electronic  fields  are  finding  in 

LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielectric 
strength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  high  heat.  The  exceed¬ 
ingly  low  loss-factor  of  LAVITE  olus  its  excellent 
workability  makes  it  ideal  for  all  high  freruency 
application. 

We  will  gladly  supply  samples  for  testing. 


STEWARD  MFG.  COMPANY 

Aifoin  Office  S  Works:  Chattanooga,  Tenn. 
Needham,  Mass.  *  Chicago  '  Los  Angeles 
New  York  *  Philadelphia 


NEWS  OF  THE  INDUSTRY  (continued) 

and  guided  missiles,  has  been 
awarded  a  certificate  of  achieve¬ 
ment  from  the  U.  S.  Navy. 


-  Admiral  Corporation  recently 
opened  its  new  assembly  plant  for 
small  radios  in  Harvard,  Ill. 


HIGH  PERFORMANCE 
At  Low  Cost. 


Now  Sola  Eloctric  Co.  plant 

Pyroferric  Co.,  manufacturer  of 
powdered  metal  cores,  is  now  lo¬ 
cated  at  its  new  and  larger  head¬ 
quarters,  621  E.  216th  St.,  New 
York  67,  N.  Y. 

Raytheon  Manufacturing  Com¬ 
pany,  Waltham,  Mass.,  now  has  a 
Commercial  Products  Division,  com¬ 
prising  the  broadcast  equipment 
division  and  what  was  formerly 
known  as  the  industrial  electronics 
division. 

Bitterman  Electric  Company, 
Brooklyn,  N.  Y.,  moved  last  month 
to  its  new  headquarters  at  Sauger- 
ties,  N.  Y. 

A.  L.  Nelson  &  Co.,  radio  trans¬ 
former  manufacturer,  is  now 
owned  by  the  Nelson  Electric  Corp. 
of  Santa  Monica,  California. 

E.  F.  Johnson  Company,  Waseca, 
Minnesota,  purchased  the  Speedx 
line  of  semi-automatic  and  hand 
keys,  practice  sets  and  buzzers  from 
the  Les  Logan  Company,  San  Fran¬ 
cisco,  California. 


PERSONNEL 

A.  M.  Wiggins,  research  director  of 
Electro- Voice,  Inc.,  Buchanan, 
Michigan,  has  just  returned  from  a 
survey  of  electro-acoustic  develop¬ 
ments  in  Germany. 

Samuel  M.  Thomas  received  the 
appointment  of  vice-president  and 
general  superintendent  of  RCA 
Communications,  Inc.,  after  serving 
as  assistant  chief  engineer  since 
February  10,  1947.  Prior  to  retir- 


CONDENSED  SPECIFICATIONS 

•  ^  5db  from  50 

•  Response.  _  ^  ^  ^ 

»  Level: 

/ dyne/sq.  cm. 

•  Cable: 

shieldGd. 

•  Dimensions: 

fhick  X  2Vt  wide. 


THE  TURNER  MODEL  20X 

Designed  for  home  recording,  paging 
system,  public  address,  and  amateur  work. 
Unusually  smooth  response,  exceptionally 
high  level.  Features  a  Metalseal  crystal. 
Light  in  weight  and  natural  to  hold.  Hangs 
on  hook  when  not  in  use.  Baked  brown 
enamel  finish. 


e  Dimensions: 
e  Weight: 


BY  TURNER 


LieentMl  under  patents  of  the  Brush 
Oevetopment  Co. 


For  complete  Information  write 

THE  TURNER  COMPANY 


90S  17tli  Street  N.  t. 


Cerfor  Rapids,  lewe 


DEPENDABLE 


RH12  \ 


Manufacturers  of  marine  radio  receivers  and  transmitters  re¬ 
port  thorisands  of  R-H  Marine  Crystals  in  use  without  a  single 
failure.  R-H  Marine  Crystals  provide  the  reliability  necessary 
for  safety  at  sea. 

R*H  Marine  Crystal  Units  are  made  to  the  marine  radio 
manufacturer's  specifications,  to  fit  the  marine  radio 
manufacturer's  circuit. 

Illustrated  are  RH-12  for  single  unit  installations  and  RH-53  in 
double  units  for  both  transmitting  and  receiving. 


REEVES  HOFFMAN 
Crystal  Units  Cata- 
loq  RHC-1  lists  stand¬ 
ard  crystal  units  com- 
plsts  with  spsciiica- 
tions.  It  also  givst 
valuabis  informa¬ 
tion  on  how  to  ordsr 
crystals. 


REEVES-HOFFMAN 

CORPORATION 

SALES  OFFICE:  715  EAST  91  STREET.  NEW  YORK  78,  N  V 
PLANT:  321  CHERRY  STREET.  CARLISLE.  PA 


Sola  Electric  Co.  recently  moved 
all  branches  into  its  new  plant  at 
4633  W.  16th  St.,  Chicago  50,  Ill. 


NEW  Hand  Microphone 


It 
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CUfffffNT 

COti>/BRStON 


■Where  the  Professional  Radioman  Studies 


A  minimum  of  motal  ii  being  used  in  con¬ 
struction  of  this  fow  iMd  radar  labora¬ 
tory  at  Wright  Field,  to  permit  operotion 
of  radar  equipment  inside  with  all  the 
comfort  and  efficiency  of  a  heated  lob 


radar  equipment  in  nearby  aircraft. 

Facilities  of  the  laboratory  will 
also  be  used  in  other  aircraft  cali¬ 
brations,  including  speed  measure¬ 
ment,  determination  of  radius  of 
turn  at  various  speeds,  and  analysis 
of  traffic  procedures  in  conjunction 
with  instrument  approach  systems. 


Which  Will  Get 
The  Better  Joh? 


BATTERY 
ELIMINATORS 
For  DemoRstrating  and  Testing 
Auto  Radios 

New  UodeU  .  .  .  Designed  for  Testing  D.C.  Klee- 
trlcal  Appsrstiu  on  Regular  A.C.  lines.  Tsiuipped 
^th  Full-Ware  Dry  Disc  Type  Rectlller.  Assuring 
Noiseless,  Interference- Free  Operation  and  Kxtrenie 
Long  Life  and  Reliability. 

•  Eliminates  Storage  Ratteries  and  Rattery 
Chargers. 

•  Operates  the  Equipment  at  Maximum  Efficiency. 

•  FuUy  Automatic  and  Fool-Proof. 

•  Type  60-ELIA  .  .  .  Ratecl  Output  6.3  Volts  at 
6.5  Amperes. 

Net  Price  $22.80 

•  Type  180C— ELIO  .  .  .  Rated  Output  6.3  Volts 
at  14  Amperes. 

Net  Price  $37.20 


The  Radioman  Who  Looks 
Ahead  Wilt  Get  Ahead 


Done  play  blind  mao's  bluff  with  your  future ! 
Look  at  the  successful  radioman—'  You'll  find 
that  he’s  the  fellow  who  looked  and  planned 
ahead.  Today,  as  a  member  of  the  great  radio- 
electronic  industry,  you  too,  have  opportunities 
that  few  men  ever  enjoyed  in  the  past.  Your 
future  success  can  be  assured  by  the  plans  you 
make  toriay. 

The  radio  industry  is  expanding  so  fast,  that 
it  is  doubtful  any  radioman  can  truthfully  say 
he  has  kept  pace  with  all  the  major  developments. 
Thousands  of  new  men  have  joined  the  ranks  of 
the  radio  industry  creating  new  competition.  New 
devel^ments,  create  demands  for  more  advanced 
technical  ability.  You  must  "re-tool”  your  tech¬ 
nical  knowledge  in  order  to  keep  pace. 

If  you  are  wise,  you  will  look  ahead  and 
start  now  to  increase  your  technical  ability  with 
the  thorough,  practical  technical  training  for 
which  thousands  of  professional  radiomen  have 
enrolled  with  CREI  since  1927.  In  our  proved 
method  of  instruction,  you  learn  not  only  "how”, 
but  "why”.  This  is  real,  honest-to-goodness 
practical  engineering  training  that  leads  to  better 
)obs  and  security  in  the  knowledge  that  you  are 
capable  of  coping  with  tough  problems  of  com¬ 
munications  and  industrial  electronic  equipment. 

It  costs  you  nothing  to  read  the  interesting 
faas.  Please  write  today. 


Index  to  Wartime  Reports 

A  COMPREHENSIVE  index  guide  to 
the  tens  of  thousands  of  reports  on 
wartime  technological  developments 
in  the  United  States,  Germany,  and 
other  countries  has  been  prepared 
by  the  Office  of  Technical  Services, 
Department  of  Commerce. 

The  index  is  intended  for  use 
with  Bibliography  of  Scientific 
and  Industrial  Reports,  published 
weekly  since  January  1946  and  con¬ 
taining  a  brief  abstract  of  each 
report  acquired  by  OTS. 

The  new  Index  to  the  Bibli¬ 
ography  of  Scientific  and  Industrial 
Reports,  available  from  the  Super¬ 
intendent  of  Documents  at  50^,  con¬ 
tains  about  45,000  cross-reference 
entries  classified  under  major  sub¬ 
ject  headings,  including  electronics. 
With  the  index  and  a  file  of  the 
Bibliography  at  hand,  a  researcher 
may  readily  determine  the  number 
of  reports  available  from  OTS  in  a 
special  subject  field  and  examine 
the  abstracts. 


RADIO 

VIBRATORS 

Designed  for  Use  in  Standard  Vibrator-Operated 
Auto  Radio  Receivers.  Built  with  Precision  Con¬ 
struction  for  Longer  La.stlng  Life.  Prices  are  app. 
15%  lower. 


Veferonsl 

Cr«f  Training  Available  Under  "G.  I."  HU, 


MAIL  COUPON 
FOR  FREE  BOOK 

If  you  are  a  professional  radio¬ 
man  and  want  to  make  more 
money,  let  us  prove  to  you  wo 
have  the  training  you  need.  To 
help  us  InteUlgently  answer  your 
Inquiry — please  state  briefly  your 
background  of  experience,  educa¬ 
tion  and  present  position. 


S  Capitol  Radio  Engineering  Institute 

:  I6th  A  Park  Rd..  N.  W.,  Dept.  E-8. 

■  Washington  10.  0.  C. 

S  Gentlemen:  Pirate  tend  me  your  free  booklet, 
S  “CRBI  Training  for  Four  Better  Job  in  RADIO- 
•  ELBCTR0NIC8”,  together  teith  full  detaUt  oj  your 

■  home  itudy  training.  I  em  attaching  a  brief  retume 
Z  of  my  etperience,  education  and  present  position. 
S  Check  n  Practical  Radio  Enginoering 

!  ^  Course  □  Practical  Television  Enginoering 


For  Inverting  D.  C.  to  A.  C. 

Specially  Designed  for  Operating  A.C.  Radios. 
Television  Sets.  Amplifiers.  Address  Systems,  and 
Radio  Test  Equipment  from  D.C.  Voltages  In 
Vehicles.  Ships,  Trains.  Planes  and  in  D.C. 
Districts. 

Write  for  New  4TR  Catalog — Todayl 


BUSINESS  NEWS 


Yardeney  Engineering  Company, 
New  York,  now  working  on  remote 
control  devices,  pilotless  aircraft 


street 


City . ..I'. . Zone....  State . 

□  I  am  entitled  to  training  under  the  G.l.'  Bill 
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Water  Mill  Laboratories  of  The 
Western  Union  Telegraph  Co. 

C.  W.  Henderson,  former  standards 
engineer  at  RCA,  has  joined  Claro- 
stat  Mfg.  Co.,  Inc.  as  sales  engineer 
in  the  Philadelphia  area. 

Dennistoun  W.  Ver  Planck,  pro¬ 
fessor  of  electrical  engineering  at 
Carnegie  Institute  of  Technology, 
has  been  named  head  of  the  depart¬ 
ment  of  mechanical  engineering  and 
professor  in  that  department.  For 
his  work  during  the  war  in  de¬ 
gaussing  of  ships  he  was  an  hon¬ 
orary  member.  Order  of  the  British 
Empire,  and  received  the  Com¬ 
mendation  and  Ribbon  Bar  from  the 
Secretary  of  the  Navy. 

W.  Austin  Ellmore  has  been  ap¬ 
pointed  chief  engineer  and  sales 
manager  of  Crescent  Industries  Inc. 
Formerly  vice-president  in  charge 
of  engineering  and  sales  at  Utah 
Radio,  he  is  active  on  seven  RMA 
committees. 

Edwin  G.  Schneider,  formerly  as¬ 
sistant  to  the  president  for  research 
at  Stevens  Institute  of  Technology, 
was  appointed  director  of  research 
on  controlled  flight,  including  flight 
at  supersonic  speeds  at  the  Insti¬ 
tute.  He  was  research  physicist 
for  both  Farnsworth  Television  Co. 
and  Philco  in  turn  before  joining 
Stevens  Institute  in  1938.  During 
the  war,  at  MIT  Radiation  Lab,  he 
led  a  group  which  directed  the  de¬ 
velopment  of  ground  radar  for  con¬ 
trol  of  aircraft  and  for  early  warn¬ 
ing.  From  1944  to  October  1945 
he  was  expert  consultant  to  the 
Office  of  the  Secretary  of  War. 


Busliiess  Communjcatioii  Systems 


Featuring: 

"Buty"  Signal — visual  type  using 
neon  bulb  indicator 
P/wg-ln  Mostert  for  quick  ex¬ 
change  or  transfer 
lllumiitaltd  volume  control  to  in¬ 
dicate  "on’* 

Batanetd  Lieet^eliminatei  need 
for  shielded  lines  to  Remote  sta¬ 
tions 

Hondsel— optionol  for  privote 
conversation 


Dramatically  different  in  its  impressive  plastic  styling, 
definitely  advanced  in  functional  design  . . .  that’s  the 
New  AMPLICALL!  Apart  from  exceptional  fidelity 
of  speech  reproduction,  the  New  AMPLICALL  in¬ 
corporates  a  number  of  exclusive  advantages  in  oper¬ 
ation  and  installation  which  sets  it  apart  as  a  signifi¬ 
cant  design  achievement  in  the  intercommunication 
field-  New  AMPLICALL  Systems  are  available  to  meet 
every  conceivable  business  communication  rjsqqire- 
ment-  You  are  invited  to  write  for  full  details  cover¬ 
ing  America’s  Finest  Intercommunication  Systems-  i 

THE  RAULAND  CORPORATION 
4265  N.  Knox  Avenue,  Chicago  41,  Illinois  ^ 

RADIO  •  RADAR  •  SOUND  •  COMMUNICATIONS  •  TELEVISION 


fo|r  cxperieNced 
cooperation 
"call  Cleveland' 


applications 

These  spirally  laminated  paper  base  Phenolic 
Tubes  are  of  two  types  .  .  . 

#96  COSMALITE  for  coil  forms  in  all  stand¬ 
ard  and  broadcast  receiving  sets. 

SLF  COSMALITE  for  permeability  tuners. 

LOW  COSTS  QUICK  DELIVERIES 
Ask  also  about  our  spirally  wound  krait  and 
fish  paper  Coil  Forms  and  Condenser  Tubes. 

*  Trade  Mark  regUtered. 


E.  G.  Schneider 


I.  D.  Woodward 


John  D.  Woodward,  promoted  to 
manager  of  the  RCA  Aviation 
Equipment  Engineering  Group,  will 
supervise  the  development  and  engi¬ 
neering  of  aviation  radio  communi¬ 
cation  and  navigation  equipment 
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SHOWN  ACTUAL  SIZE 

Compact  —  hermetically  sealed  —  high  performance  —  for 
multiple  applications  in  the  range  of  2,500  to  10,000  kilo¬ 
cycles  with  a  tolerance  of  ±250  cycles  at  room  temperature 
.  .  .  MINIGLASS*  crystals  are  designed  for  your  low  cost 
quantity  production  items.  Immediate  delivery. 

Manufacturers  of  Radio  Quartz  Crystals. 


ing  from  the  Army  as  Brigadier 
General,  he  was  Chief  of  Staff  to 
the  Commanding  General  of  the 
Persian  Gulf  Command. 

George  F.  Metcalf,  manager  of 
General  Electric's  Electronics  Lab¬ 
oratory  at  Syracuse,  N.  Y.,  was  ap¬ 
pointed  an  Honorary  Officer  of  the 


MiNIGLASS*  QUARTZ  CRYSTAL  UNITS 


August,  1947  —  ELECTRONICS 


MELVIN  L.  SMITH  LABORATORIES 


KANE,  PENNSYLVANIA 


,  *Trade  Mark  -^Patent  applied  for 


SIGMA  3  POSITION  OUTPUT  RELAY 


CONTROL  SYSTEMS 

AND 

SERVOMECHANISMS 


This  new  relay  by  Sigma,  already 
proven  in  months  of  development  by 
prominent  manufacturers  of  control  and 
guiding  equipment,  overcomes  many 
shortcomings  previously  inherent  in 
relay-output  control  systems. 

SPEOFfC  ADVANTAGES 

1.  Potitiv*  snap  cMitarlng  or  dotent  —  no 
gradual  motfon. 

2.  Truo  magnotic  cancollation  at  balanco  — 
not  alNctod  by  variations  in  standby 
currant. 

3.  E>co|>tlonal  sonsitivity  — >  approiimataly 
.OOS  watt  diflorontial  powar  raquirad  par 
contact  circuit. 

4.  Polarizad  magnetic  circuit  increases 
speed  of  action  and  facilitates  discrimina¬ 
tion  as  to  polarity  of  error. 

5.  Fully  balancod  moving  system  withstands 
vibration  to  oxcoptionally  high  degree. 

a.  Flexible  contact  structure  (maximum 
shown  above)  with  substantial  load 
handling  ability  (nominal  rating  S  amp 
110  Volts  A.C.  per  contact). 


SIGMA  TYPE  6  FX8A  RELAY 

Weight  t  Ooacet 

(Available  Herawticolly  Sealed.) 


HJIUlliy 

SiprInstruineDts,iNi). 

BELAYS 

62  CeyloB  St.,  Bostoa  21,  Mass. 


Colonel  Motcedi  (right),  being  docorotod 
in  Washington.  D.  C.  by  Lord  Inverchapel, 
British  Ambassador,  for  contributtons  to 
airborne  radar  while  in  the  War  Depart¬ 
ment  and  while  serving  os  head  of  the 
Aircraft  Radar  Laboratories,  Wright  Field 

Military  Division  of  the  Most  Ex¬ 
cellent  Order  of  the  British  Empire. 

G.  Taylor  Stanton,  formerly  chief 
engineer  of  TelAutograph  Corpora¬ 
tion,  New  York,  has  been  appointed 
manager  of  engineering  of  Holtzer- 
Cabot,  specialized  electric  motor 
manufacturers. 

James  D.  McLean,  with  General 
Electric  in  the  radio,  television,  and 
radar  fields  for  the  past  nine  years, 
has  recently  been  appointed  man¬ 
ager  of  Philco  television  station 
WPTZ. 

B.  W.  Kendall,  research  consultant 
at  Bell  Telephone  Laboratories,  was 
elected  second  vice-president  of  the 
New  York  Electrical  Society  for  the 
1947-1948  term. 

George  C.  W.  Browne  has  just  been 
appointed  Controller  of  Radio,  De¬ 
partment  of  Transport,  in  Ottawa, 
Canada. 

Dale  H.  Nelson  joined  the  Tele¬ 
register  Corp.,  New  York  City,  as 
consulting  engineer  to  the  Telereg¬ 
ister  Laboratories  Division.  He  was 
formerly  research  engineer  at  the 
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covered  by  each  unit.  Write  us  for 


your  full-size  copy 


Five  Standard 


Slug -Tuned 


LS3  Coils  Cover 
Vx  to  184  me 

For  strip  amplifier  work,  the 
compact  high  when 

mounted)  Coil  is  ideaL 
Also  for  ^ters,  Oscillators, 
Wave-Traps  or  any  purpose 
where  an  adjustable  induct¬ 
ance  is  desired. 

Five  Standard  Windings  — 

1, 5, 10, 30  and  60  megacycle 
coils  cover  inductance 
ranges  between  750  and 
0.065  microhenries. 

CTC  LS3  Coils  are  ea^  to 
assemble,  one  hole  is  all 
you  need.  Each  unit  is  du¬ 
rably  varnished  and  sup¬ 
plied  with  required  mount¬ 
ing  hardware. 

CTC  will  custom-engineer 
and  produce  coils  of  tumost 
any  size  and  style  of  wind¬ 
ing. ..to  the  most  particu¬ 
lar  manufacturer’s  specifi 
cations. 


'(‘.T'e /c, 

//t'lrrrf 

Custom  Engineering  .  .  .  Stondordized  Oesigns  .  . 

Guoronit^d  Materials  and  WorkmonsKip 
CAMBRIDGE  THERMIONIC  CORPORATION 
437  Concord  Avenue,  Co'nbfidge  30,  Moss. 
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NEW  BOOKS 


The  Radio  Amateur’s 
Handbook 

By  the  Headquarters  Staff  of  the 
American  Radio  Relay  League.  Pnh- 
liahed  by  the  American  Radio  Relay 
League,  Inc.,  West  Hartford,  Conn.j 
1947,  Twenty-fourth  Edition,  632 
pages,  $1.25. 

The  standard  manual  of  amateur 
radio  communication  has  under¬ 
gone  its  yearly  revision  and 
emerged,  as  usual,  a  source  of  handy 
and  valuable  information  not  only 
for  the  amateur  but  also  for  the  en¬ 
gineer  interested  in  practical  radio 
applications.  While  the  engineer 
might  prefer  to  see  revisions  of  a 
type  that  would  eventually  upgrade 
the  book  out  of  the  amateur  class, 
the  editors  wisely  keep  their  volume 
in  conformity  with  the  subject  mat¬ 
ter  contained  in  the  amateur  maga¬ 
zine  QST.  As  an  example,  the  lead- 
off  article  under  receiver  construc¬ 
tion  describes  a  two-tube  super¬ 
heterodyne,  probably  no  more  diffi¬ 
cult  to  construct  than  the  two-tube 
regenerative  receiver  that  occupied 
a  similar  position  in  last  year’s 
Handbook.  The  single-tube  trans¬ 
mitter  is  replaced  by  a  crystal  os¬ 
cillator  and  amplifier  combination 
that  is  little  more  expensive  and  a 
better  performer.  The  sections  on 
vhf  equipment  are  likely  to  change 
most  as  techniques  of  using  the 
higher  frequencies  are  developed. 

The  fifty  pages  of  vacuum-tube 
characteristics  and  data  include 
base  diagrams  for  socket  connec¬ 
tions  covering  more  than  a  thou¬ 
sand  tube  types.  This  information 
alone  is  well  worth  the  price  of  the 
entire  volume. — a.a.mck. 


Tables  of  Spberieal 

Bessel  Functions 

Mathematical  Tables  Project,  Na¬ 
tional  Bureau  of  Standards.  Colum¬ 
bia  University  Press,  New  York,  1947, 
375  pages,  $7.50. 

The  main  table  gives  the  functions 
of  orders  =t  (n  -t-  i),  where  n  = 
0(1)13  and  x  =  0(0.01)10(0.1)25, 
as  required  for  solution  of  prob¬ 
lems  of  potential,  heat  conduction, 
and  wave  motion  for  a  domain 
bounded  internally  or  externally  by 
a  sphere,  circular  cone,  or  spheroid. 
The  majority  of  entries  are  to  seven 
or  eight  significant  figures.  The 
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5  SECOND  HEATING 


WELLER  MFG.  CO 


Specially  engineered  lightweight  tran«« 
former  produces  soldering  heat  in  loop 
tip  5  seconds  after  trigger  switch  is. 
closed.  Acclaimed  by  radio  servicemen 
nation-wide  os  a  money  maker. 


Always  ready  to  use  when  picked  up. 

Fast  cooling  makes  it  safe  to  lay  down 
on  bench. 

_  100  Watts 

TfutrnwpnM 

Ll^dLUSiALLfll  60  Cycles 

Thousands  in  daily  use  without  any 
maintenance — som^  os  long  as  5  years. 

Nothing  to  breok  'or  bum  out 

Get  a  Weller  Soldering  Gun  from  your  radio  parts  dis* 
tributor  or  write  direct  for  bulletin. 


In  Conadai  AHas  Radio  Cbrp.,  Ltd..  560  King  St.,  N.  W..  Toronto,  Ont 
Eigport  Dept.:  25  Warren  St.,  New  York  7.  N.  Y. 


Fox  all  high-speed 

Recording  requiremente 
where  PORTABILITY 
and  ACCURACY 
,  .  are  Required! 


. . .  There 

only  one  answer. .  . 

The  Hathaway  Type 
S12>A  Oscillograph 

•  High-frequency  response 

•  12  elements  ' 

e  Internal  Governor  Drive  Motor 

•  Gear-driven  chart,  1/3  to  48  inches  ’  • , 
per  second 

•  Accurate  time  lines 

•  Automatic  record  length  control 

•  Consecutive  record  numbering 

SIMPLE  TO  OPERATE 
SMALL-LIGHT-WEIGHT 

WRITE  FOR  BUllETIN  $P  liT-A 


INSTRUMENT  COMPANY 

1315  SO.  CUtKSON  STRCCT  •  Df NVER  ia  COLOfiA&O 


for  both  commercial  and  military 
aircraft.  Before  joining  RCA  in 
1945  he  was  chief  engineer  of  the 
Radar  Navigation’  Group  in  the 
AAF  Radar  Laboratories  at  Wright 
Field,  where  he  had  the  responsi¬ 
bility  for  the  technical  develop¬ 
ment  of  shoran  and  airborne  loran. 

David  D.  Coffin,  chief  engineer  of 
Raytheon  Manufacturing  Co.’s  new 
Commercial  Products  Division  in 
Waltham,  Mass.,  has  been  with  the 
company  since  1934. 

Everett  G.  Fraim,  identified  with 
the  Boston-New  York  microwave 
experimental  communication  sys¬ 
tem,  is  now  engineer  in  charge  of 
speech  input  equipment  and  micro- 
wave  applications  at  the  recently 
formed  Commercial  Products  Divi¬ 
sion  of  Raytheon  Manufacturing 
Co.,  Waltham,  Mass. 

James  N.  Nye,  engineer  in  charge 
of  broadcast  transmitter  equipment 
at  Raytheon’s  new  Commercial 
Products  Division,  spent  five  years 
with  Federal  Telephone  and  Tele¬ 
graph  Co.  working  on  the  develop¬ 
ment  of  f-m  transmitters. 

Edward  F.  Cahoon  has  rejoined 
TelAutograph  Corporation  as  chief 
engineer.  He  assumes  full  re¬ 
sponsibility  for  engineering  re¬ 
search  and  development  on  tele¬ 
scribing  systems  for  instantaneous 
communications  in  writing. 

Fulton  Cutting,  former  president 
and  chairman  of  the  board  of  di¬ 
rectors  of  Colonial  Radio  Corpora¬ 
tion,  has  been  appointed  assistant 
to  the  president  for  research  and 
professor  of  physics  at  Stevens  In¬ 
stitute  of  Technology.  He  organ¬ 
ized  the  Colonial  Radio  Corp.,  Buf¬ 
falo,  N.  Y.,  in  1924.  As  a  member 
of  the  Operational  Research  Staff 
in  the  Office  of  the  Chief  Signal 
Officer  during  the  war,  he  worked 
on  radar  countermeasures  and 
counter-countermeasures  ( anti j am- 
ming),  guided  missiles,  and  count¬ 
ermeasures  against  guided  mis¬ 
siles,  and  was  a  member  of  the 
ALSOS  Mission. 

George  L.  Beers,  assistant  director 
of  engineering  of  the  RCA  Victor 
Division  in  Camden,  N.  J.,  received 
the  honorary  degree  of  Doctor  of 
Science  from  Gettysburg  College, 
Gettysburg,  Pa. 
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RADAR  ENGINEERING 

By  DONALD  G.  FINK,  Editor,  Electronics, 
Formerly  Staff  Member,  Radiation  Laboratory, 
M.I.T.,  644  pages,  6x9,  471  figures,  12  tables, 
$7.00. 

RINGS  together  all  the  essential  information 
the  engineer  needs  in  order  to  understand  and 
design  radar  equipment.  Each  phase  of  the 
subject  is  covered  comprehensively,  from  first 
working  principles  to  the  equations  upon  which 
practical  designs  are  based.  Hundretb  of  clear 
diagrams,  chans,  drawings  and  photographs  illus¬ 
trate  the  technical  details  of  the  various  radar 
systems. 

SERVOMECHANISM 

FUNDAMENTALS 

By  HENRI  LAUER,  ROBERT  LESNICK,  and 
L.  E.  MATSON,  All  of  the  Engineering  Depart¬ 
ment,  RCA  Viaor  Division,  Radio  Corporation 
of  America.  277  pages,  6x9,  165  figures,  $3.50. 

This  book  provides  the  praaical  information 
necessary  for  the  solution  of  problems  in  the 
design  of  automatic  control  devices.  It  presents 
the  operating  features  of  servomechanisms,  sets 
forth  systematic  procedures  for  their  design, 
demonstrates  how  amplifiers,  motors,  gears,  and 
other  component  elements,  are  coordinated  into 
efficient  and  smoothly  operating  systems. 

ELECTRONICS  IN  INDUSTRY 

By  GEORGE  M.  CHUTE,  Application  Engineer, 
General  Elearic  Company,  Detroit.  461  pages, 
6x9,  292  figures,  $5.00. 

This  valuable  manual  supplies  the  man  who 
uses  electronics  in  plants  with  a  complete,  non¬ 
technical  description  of  elearonics  circuits  and 
equipment — without  using  long  words  or  diffi¬ 
cult  mathematics,  and  without  demanding  a  spe¬ 
cial  technical  background  from  the  reader. 
Dozens  of  examples  show  you  how  tubes  and 
tube-operated  circuits  work  in  motor  control, 
welding  control,  and  many 
other  ways  in  industry.  The 
book  supplies  detailed  explana¬ 
tions  of  a  large  number  of  elec¬ 
tronics  equipment  in  commercial 
use  today. 


:  McGraw-Hill  Book  Co..  330  W.  42  St.,  N.Y.C.  18 

S  Send  me  the  books  checked  below  for  10  days' 

•  examination  on  approval.  In  10  days  I  will  pay  for 

•  the  books,  plus  few  cents  postage,  or  return  them 
!  postpaid.  (Postage  paid  on  cash  orders.  Same  re- 
;  turn  pririlege. ) 

!  □  Fink— Radar  Engineering,  87.00 

•  □  Lauer,  Lesnlck.  and  Matson — Servomechanism 

•  Fundammtals,  83.50 

•  □  Chute— Electronics  In  Industry.  85.00 

;  Name  . 

•  Address . 

!  City  and  State . 

!  Company . 

Position  . I,-8-47 

For  Canadian  price,  write  Embassy  Book  Co., 

I  12  Richmond  Street  E..  Toronto  I. 


place  accuracy.  The  introduction 
gives  instructions  for  using  the 
tables,  along  with  several  excellent 
examples  of  uses  for  logarithms. 

— J.M. 

Relativity 

By  Albert  Einstein.  Hartsdale 
House,  New  York  18,  N.  Y.,  168  pages, 
$2.50. 

Reprint  of  a  book  written  in  1916 
explaining  Einstein’s  theory  of  rel¬ 
ativity  in  simple  words  with  a  mini¬ 
mum  of  mathematics,  and  that  es¬ 
sentially  at  the  high-school  level. 
This  English  translation,  made  in 
1920  by  R.  W.  Lawson,  is  offered  as 
an  atomic  age  source  book. — J.M. 


An  Introduction  to 
Engineering  Plastics 

By  D.  W.  Brown  and  W.  T.  Harris. 
Murray  Hill  Books,  Inc,  New  York  16, 
N.  Y.,  27 U  pages,  $1.00. 

Of  particular  interest  to  the  elec¬ 
tronic  engineer  are  highly  readable 
chapters  on  x-ray  examination  of 
plastics,  (4  pages),  metal  coating  of 
plastics  by  electroplating  and  by 
spraying  molten  metal  (11  pages) 
machining  of  plastics  (20  pages) 
high  frequency  heating  for  process¬ 
ing  plastics  and  welding  thermo¬ 
plastics  (11  pages)  and  welding 
plastics.  — J.M. 


Electronic  Engineering 
Patent  Index 

Edited  by  Frank  A.  Petraglia,  Elec¬ 
tronics  Research  Publishing  Co.,  New 
York,  1916,  167  pages,  $11.50. 

Patent  abstracts  of  electronic  de¬ 
vices  as  they  appeared  in  the  weekly 
Official  Gazette  of  the  U.  S.  Patent 
Office  during  1946  have  been  ar¬ 
ranged  by  type  of  subject  device 
under  some  90  classifications.  The 
index  forms  a  convenient  guide  for 
engineers  to  the  latest  techniques 
and  devices. — F.  R. 


Employees  Are  People 

By  Harry  K.  Tootle,  Personnel  Direc¬ 
tor,  New  York  Times.  McGraw-Hill 
Book  Co.,  Inc.,  New  York,  N.  Y.,  1917, 
$3.50. 

Human  relationships  of  personnel 
administration,  briskly  written, 
with  hundreds  of  useful  ideas  for 
executive-minded  engineers. — J.M. 


SEND 

THIS 

COUPON 

TODAY 


FOR  HIGH  FIDELITY 
AT  LOW  COST! 


-the  UNIVERSITY 
TWEETER 


The  reproduction  of  music  and  voice 
with  breath-taking  realism,  is  now 
possible  with  the  new  UNIVERSITY 
Dual  .Tweeter.  Used  in  conjunction 
with  any  standard  12"  cone  speaker 
in  FM  and  AM  radio  equipment  and 
wide  range  phonograph  amplifiers,  it 
adds  the  brilliant  “highs”  so  fre¬ 
quently  carried  through  all  stages  of 
amplification,  only  to  be  lost  in  the 
bottleneck  of  a  single  unit  repro¬ 
ducer.  Frequency  response  is  2,000 
to  15,000  cycles.  The  die-cast  dual 
horn  design  offers  wider  dispersion 
angle  than  the  conventional  single 
cellular  horn— horizontal  distribution 
is  100”,  vertical  distribution  50”.  A 
high  pass  filter  with  auxiliary  high 
frequency  volume  control,  permits 
easy  connection  by  merely  attaching 
two  wires  to  the  existing  speaker. 
Compact  dimensions  require  a 
mounting  space  only  2^4”  high  x  9  Vz" 
wide.  Power  handling  capacity  of  the 
dual  unit  is  16  watts.  For  complete 
information  write  today  to  UNI¬ 
VERSITY  LOUDSPEAKERS.  INC. 
225  Varick  St.,  New  York  14,  N  ,  Y. 
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NEW  BOOKS 


SyjO^£.  iVATSOM  7WS 
TRACING  CLOTH  DOSS 
SMASURBS. . .  BOr 
yoc/p  BB^BB  BBOky/r/ 


Sherlock  Holmes  seldom  made 
mistakes.  Maybe  you  don’t, 
either,  but  it’s  good  to  know 
that  when  you  want  to  erase, 
you  can  on  PEL-X  Water  Re¬ 
pellent  Tracing  Cloth  —  with¬ 
out  detectionl 

Rugged  resistance  to  repeated 
erasure  is  only  part  of  the  story. 
You  also  get  cleaner,  sharper 
reproductions,  true  to  scale  and 
free  from  feathered  lines,  fog 
or  cloudiness.  And  you  get  this 
more  quickly,  with  less  eye- 
strain  —  because  PEL-X  is  truly 
transparent.  Ask  your  dealer 
for  PEL-X  todayl 


tables  given  in  this  book  make  pos¬ 
sible  speedier  solution  of  such 
varied  problems  as  diffusion  of  a 
searchligiit  beam  hy  fog,  triggering 
of  nuclear  disintegrations  by  neu¬ 
tron  collisions,  and  analysis  of  oscil¬ 
lation  in  uhf  radio  tubes. — j.m. 


Electric  Coiitact§ 

By  Ragnar  Holm.  Published  by  Hugo 
Gebers  Forlag,  Stockholm,  Sweden, 
1946,  398  pages. 

Circuit  breakers,  relays,  terminals, 
and  microphones  all  operate  with 
electric  contacts.  This  volume  has 
been  written  to  describe  the  physics 
of  contacts,  to^rrange  fundamental 
formulas,  and  to  present  character¬ 
istics  of  materials  in  tabular  form 
for  use  with  the  formulas.  Friction 
has  been  treated  in  some  detail  be¬ 
cause  wear  in  sliding  is  fundamen¬ 
tally  important  in  many  types  of 
contact.  Descriptions  of  circuit- 
breaker  phenomena  have  been  lim¬ 
ited  to  weak  currents,  partly  be¬ 
cause  the  long  arcs  experienced  with 
heavy  currents  modify  the  general 
problem  considerably. 

The  greater  part  of  the  work  de¬ 
scribed  was  done  while  the  author 
was  employed  as  a  physicist  on  the 
staff  of  the  Research  Laboratory  of 
the  Siemens  Works  in  Berlin.  The 
present  volume  owes  much  to  a  pre¬ 
vious  work  by  the  author  published 
in  Berlin  in  1941,  — a.  a.  mck. 


HERE’Sfci"*^ 

WITH  A  CAPITAL 


FOR  EXCELLENCE 


FOR  BETTER  PLANS 


Currant  Hollitton  Production  includot:  TRACING  CLOTHS,  COATED  and 
lAAPREGNATED  FABRICS,  INSULATING  CLOTH  BASE,  SEPARATOR 
CLOTHS,  MAP  CLOTH,  PHOTO  CLOTH,  REINFORCING  FABRICS.  SIGN 
UBEL  and  TAG  CLOTHS,  BOOKBINDING  CLOTHS.  SHADE  CLOTH. 


THE  HOLLISTON  MILLS,  MC  Norwood,  Moss.  cHicAao 


,,,fhe  new  CB  MODEL  299 A 

STANDARD  , _ ^ 

SIGNAL 

GENERATOR 


Unified  Calculus 

By  E.  S.  Smith,  M.  Salkover,  and 
H.  K.  Justice.  John  Wiley  &  Son,  Inc., 
New  York,  N.  Y.,  1947,  507  pages, 
$3.50. 

First  course  in  calculus,  at  college 
level,  uniquely  combining  differen¬ 
tial  and  integral  calculus  in  early 
chapters  to  create  an  appreciation 
of  the  unity  of  the  subject. — J.M. 


FREQUENCY  RANGE: 
100  Kilocycles  to  32 
megacycles  in  five  bands. 
CALIBRATION  ACCU¬ 
RACY:  V2'%  on  bands 
one  to  four  and  1%  on 
band  five. 


OUTPUT:  ¥t  to  100,000  microTolt*  through  attenuator.  Out¬ 
put  from  0.1  to  more  than  1.0  volt  orailable  from  high  output 
jack. 

MODULATION:  Reods  directly  on  panel  meter,  0-80%.  400 
cycle  Mli-contained  source  or  50  to  10,000  cycles  external. 
Model  299A  incorporates  the  extreme  accuracy  necessary 
ior  the  most  precise  laboratory  work,  yet  costs  from  $150  to 
$200  less  than  comparable  instruments.  Write  for  literature. 


Six-Place  Tables 

Edited  by  Edward  S.  Allen,  Profes¬ 
sor  of  Mathematics,  Iowa  State  Col¬ 
lege.  McGraw-Hill  Book  Co.,  Inc., 
New  York  18,  N.  Y.,  Seventh  Edition, 
1947,  232  pages,  $2.50. 

Essential  trigonometric  tables, 
with  natural  logarithms  and  expo¬ 
nential  and  hyperobolic  functions 
expanded  in  this  new  edition  to  six- 


The  CLOUGH  BRENGLE  CO 

6014  Broadway  Chicago  40,  III 


ELECTRONICS 


Backtalk 


HIGH  SENSITIVITY  IN  A 
SELF-CONTAINED  ALL  AC  OPERATED  UNIT 

50  MICROVOLTS  TO  500  VOLTS 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


MODEL 


VOLTMETER 


An  extremely  sensitive 
amplifier  type  instru¬ 
ment  that  serves  simul¬ 
taneously  as  a  volt¬ 
meter  and  high  gain 
amplifier. 

•  Accuracy  ±2%  from  IS 
cycitt  to  30  kc. 

:t5%  from  30  kc.  to 
100  kc. 

•  Input  Impadanca 
I  magohm  plus  IS  uuf. 
shunt  capacity 

•  Amplifiar  Gain  40000 


Television  Herald 
Dear  Editor : 

This  letter  is  written  in  response 
to  your  recent  editorial  calling  at¬ 
tention  to  the  need  for  a  simple 
device  to  warn  television  set  owners 
that  a  special  program  is  about  to 
be  offered. 

Why  not  permit  stations  to  use 
their  f-m  transmitters  for  commer¬ 
cial  broadcasting  during  the  hours 
when  they  are  not  transmitting  pic¬ 
tures?  Television  receivers  should 
be  equipped  with  switches  which 
would  permit  turning  off  the  video 
portion  of  the  receiver.  Thus,  the 
station  would  merely  make  an  an¬ 
nouncement  that  a  special  picture 
program  would  be  transmitted  at  a 
certain  time. 

If  this  system  were  instituted  it 
would  provide  more  incentive  for 
more  people  to  spend  more  money  in 
purchasing  a  combination  receiver 
since  they  could  get  more  use  from 
it.  This  plan  would  also  provide  an 
added  incentive  to  potential  broad¬ 
casters  of  television  programs  since 
they  could  probably  increase  their 
station  income  sufficiently  to  break 
the  economic  bottleneck  which  cur¬ 
rently  is  impeding  the  progress  of 
television. 

It  is  my  opinion  that  people  will 
pay  a  fair  sum  for  a  television  re¬ 
ceiver  if  some  means  can  be  found 
by  which  television  stations  can  be 
placed  on  the  air  with  fair  program¬ 
ming  and  without  bankrupting  the 
station  operator. 

Merle  V.  Hoover 

Susquehanna  University 

Selinsgrove,  Penna. 


•  Gain  and  fraquancy  maasuramantt  for  all 
typas  of  audio  aquipmant 

•  Dansitomatric  maaturamants  In  photog¬ 
raphy  and  film  production 

•  Light  flux  maaturamants  in  conjunction  with 
photocalls 


•  Output  indicator  for  microphonas  of  all 
typas 

•  Low  laval  phonograph  pickups 

•  Accalaration  and  othar  vibration  maasuring 
pickups 

•  Sound  laval  maaturamants. 


Writa  for  Complafa  loformaflon 


42-1 7A  Douglaston  Parkway 
DOUGLASTON.  L  I..  N.  Y. 


DOUBLES  ITS  SPACE. 
EQUIPMENT  AND 
CAPACITY  TO  MEET 
THE  INCREASING 
DEMAND  FOR  ITS 


IRON  CORES 


WHICH  FOR  14  YEARS 
HAVE  SET  THE  STAND¬ 
ARD  FOR  COMPARISON 
IN  POWDERED  METAL¬ 
LURGY 


PYROFERRIC  manufactures  a  full  line  of  standard 
sized  Powdered  Iron  Screw-Type  Cores  of  varying 
lengths,  with  standard  threads,  as  well  as  a  com¬ 
plete  line  of  powdered  iron  cores,  with  and  with¬ 
out  inserts. 

For  Powdered  Iron  Cores  to  meet  your  specifica¬ 
tions,  address  your  inquiry  to 


Pentode  as  Cathode  Follower 

Dear  Sir: 

In  the  Cathode  Follower  Nomo¬ 
graph,  p  136,  June  issue  of  Elec¬ 
tronics,  unless  the  negative  screen 
return  (not  shown)  is  made  to  the 


621  East  216  Street, 


ELECTRONICS 


WE  manufacture  a  complete  line  of  equipment 

8I*OT  WELDEB8.  electric  from  ^4  to  SO  KVA  .n  . 

TRANSKORMEKS.  special  and  standard  types  WFI.DFKS 

1NCANDE8CENT  LAMP  manufacturing  euulpment 
FLUORE8rENT  TUBE  MAKING  EQUIPMENT  ‘ 

ELECTRONIC  EQUIPMENT,  vacuum  pumps,  etc. 

WET  GLA88  8LICINO  and  cutting  machines  tor  laboratory  use 
GENERAL  GLA88  working  machines  and  burners 
CUIJJCGE  GLA88  working  units  for  students  and  laboratory 
EISLER  ENGINERING  CO. 

731  So.  13th  St.  (near  Avon  Ava.)  Newark.  New  Jersey 


High  Speed  Production  Of  Quality 

R.  F.  Coils  aoid  Sub-.\ssonblios ,  <.^1^  I  ^ 

For  Disorinianting  ;ianufactur«rs 

INSTRUMENT 

K^ASpp^rO  LABORATORY, INC 

1125  BanV  Street,  Cincinnati  14,  Ohio 


REX  RHEOSTAT  CO 


Solve  Wire 
Stripping 
Problems  with 
i  "SPEEDEX" 


’  ■  “AS  IT  MAKES" 

The  famous  “Speadex"  Wire  Stripper  complete 
with  7  interchangeable  blades  for  stripping  any 
siia  wira  from  No.  8  to  No.  30  will  be  the  handiest 
tool  in  the  shop.  Strips  800  to  1000  wires  per 
hour^-euts  wires  too.  Just  press  the  handle  and 
the  job  is  done.  For  use  with  solid  or  stranded 
wires.  Write  today  for  catalog  of  3,000  elec- 
tronio  products. 

GENERAL  CEMENTmfg  co. 

ROCKFORD,  ILLINOIS,  U.  S.  A. 


iliiE^lPpNlUP 


MICROMETER 

PRE9UENCY 

METER 


far 

Cheeking 
Transmlttara 
from  100  Ko  to  178  Ma 
within  0.01  par  oant 


LAMPKIN  LABORATORIES 

■radppfon,  Fla.,  U.  S.  A. 


DeliveriM 


Specializing  in 
High  Voltage  Filament  and  Plate 
Transformers  for  Electronic  Projects 


'ELECTRO  ENGINEERING  WORKS 

6021  COllEGt  AVENUE  •  OAKLAND  H.tAllFOBNIA 


FINE  RIBIONS 
OF 

TUNGSTEN  and  MOLYBDENUM 

Qucdity  and  accuracy  in  our  iobrica- 
tion  oi  TungatPB  &  Molybdanum  Rib- 
Imbb  haw*  choractpriapd  our  sarrica 
to  th*  Elpctronic  induatry. 

4  d«vclopM«at  of 

H. CROSS  Co. 

IS  Baakman  St..  New  Yarfc7,  N.Y. 


ELECTRON  TUBE 
MACHINERY 
OF  ALL  TYPES 

STANDARD 
AND  SPECIAL 
DESIGN 


IV 0  gpocia/fz*  M 
Equipm0nt  and  Mafhodt 
for  fho  Manufactura  of 
RADIO  TUBES 
CATHODE  RAY  TUBES 
FLUORESCENT  LAMPS 
INCANDESCENT  LAMPS 
NEON  TUaiS 
PHOTd  CELLS 
X-RAY  TUBES 
GLASS  PRODUCTS 


PROMPT  DELIVERY! 
B-2  BLOWER  FOR  COOLINC.  Da- 
livera  32  CFM  for  ventilating  and 
tor  cooling  oloctranic  tubes,  pro- 
jactora.  Powarad  by  SM  univer¬ 
sal  motor  dosignod  for  atficiont, 
long  lifo  porformanco.l  tOvolt,00 
cycle  AC-DC.  Unit  S<  t-x  S'/i'x  3  V. 


E-3  BLOWER  FOR  VENTILATION. 
DoNvors  lOO  CFM.  Assuroa  com¬ 
fort  in  amaH  room  areas.  Quiet, 
radio  intarfarence.  Shaded  pola 
motor,  1  lO-voM,  SO  cycle  AC  only. 
Unit  S'/i'  by  8'V.  Fumiahod  with 
mounting  brackoL 


wxni  TODAY  roe  ortAiis-pticiS  SMALL  MOTORS,  INC.,  DEPT,  SO,  207S  ELSTON  AVE.,  CHICAGO  14 


SCIENTIFIC  GLASS  BLOWING 

GLASS  TO  METAL  SEALS 
HIGH  VACUUM  FACILITIES 

SPECTRON  GLASS  LABORATORIES 

213  So.  Franklin  St.,  Hampstead,  N.  Y, 

Hempstead  559 


FIlMGR^lp^ 


C&mS- 

liiiiiiiiiiiiiii  nil 

~Laegfima  (up  tolIbaanlConferaeca 
BTalapitaroRecerdiAOS  an  Safety  Film 
Madalf  fat  Dictetian  "TALKIES" 


UKTAMTAMMKB 

nAT^AOG 


MS 


SODERING 

BRAZING  &  WELDING 

l.  I.MlfN  C0.INC.CIiiiaga3l,lll. 


6751  Bryn  Mawr  Ave. 


This 

CONTACTS 

Section 


supplements  other  advertising  in 
this  issue  with  these  additional  an¬ 
nouncements  of  products  essential 
to  efficient  and  economical  produc¬ 
tion  and  maintenance.  Make  a  habit 
of  checking  this  page,  each  issue. 

Classified  Advertising  Division 

ELECTRONICS 
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HEAVY  DUTY 
EJECT-O-MATIC 

HIgh-liMt  IN  and  IN  waW 
modalt  for  goaoral  koavy 
alactrical,  alactroalc  and  ra- 
palr  work.  Alto  avallabla  la 
long>nosad  "Instrumaat" 
modal.  WaIgM  only  22  ox. 


STANDARD 

EJECT-O-MATIC 

Popular  M  and  7S-watt  mod- 
alt  for  ganaral  radio  and 
alactrical  work.  Spacial  long- 
notad  modalt  avallabla  for 
toldarlng  Intlda  daap  racap- 
taclat,  hard-to-gat  ralavt 
and  auambllat.  Walght  only 
11  ox. 


complete  line  now  available 

TIPS—  Multi>clad  tips  availabla  in  aighf 
diffarant  tixat  and  thapat. 

SPECIAL  TIPS  DESIGNED- 
MINIMUM  10  TO  ORDER. 


VERTI-MOUNT 

Traadla  oparatad  —  laavai 
both  hands  fraa  to  hold 
work.  Pra-haats  and  soldart 
work  with  ona  aatv  foot 
movamant.  Takas  all  E|act-0- 
Matlc  Irons. 


Send  for  new  catalog  and  prices. 

MULTI-PRODUCTSTOOLCO.  123  SUSSEX  AVENUE,  NEWARK.  N.  J. 


BACKTALK 


(continuad} 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


ACT'JAV  ^  , 

'Si  pJ^"*  ^  ' 

MFC  CO . 


speed  production  —  cut  costs  with 

AUTOMATIC-FEED  SOLDERINS  IRONS  AND  ACCESSORIES 


cathode,  rather  than  to  ground,  the 
equations  and  nomograph  do  not 
hold  for  a-c  signals  whose  voltage 
swing  is  an  appreciable  portion 
the  d-c  screen  voltage. 

This  is  because  the  tube  ceases  to 
be  a  pentode  if  the  cathode  to  screen 
voltage  is  allowed  to  vary  with  the 
signal.  If  such  variation  is  allowed, 
the  manufacturer’s  tube  param¬ 
eters,  particularly  the  mu  and  the 
dynamic  plate  resistance,  are  no 
longer  valid. 

For  a-c  amplifiers  with  relatively 
small  signal  voltage,  this  point  is 
probably  of  small  importance.  For 
d-c  amplifiers,  it  becomes  so  impor¬ 
tant  that  it  is  necessary  to  use  a 
separate  screbn  supply,  connected 
between  the  floating  cathode  and 
the  screen,  if  it  is  desired  to  obtain 
a  value  of  A  approaching  0.99  with 
any  standard  pentode. 

The  writer  has  designed  much 
electrochemical  equipment  using  an 
input  buffer  stage  of  this  type  to 
reduce  grid  current.  It  has  been 
necessary  to  get  the  voltage  gain  as 
near  to  unity  as  possible  in  this 
stage  for  the  sake  of  linearity  of 
the  instrument.  This  has  required 
that  the  screen  return  be  connected 
to  the  cathode,  with  a  separate 
screen  supply. 

P.  M.  Hackett, 

Manager 

yiagara  Electron  Lahoratoriea 
Andover,  H.  Y. 
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Lines  for  Tanks 


Dear  Mr.  Fink: 

I  SHOULD  like  to  report  the  follow¬ 
ing  errors,  besides  the  immediately 
obvious  ones,  in  “Design  of  Trans¬ 
mission  Line  Tank  Circuits,”  pub¬ 
lished  in  the  May  1947  issue  of 
Electronics. 

(a)  Equation  4 — letter  I  is  miss¬ 
ing  in  f/X  term. 

(b)  Figure  2 — ordinate  should 
be  labeled  from  1  x  10‘  to  1  X  10*. 

(c)  The  right-hand  side  of  Eq. 
19  should  be  multiplied  by  2. 

(d)  Citizen’s  Band  Class-C  Amp¬ 
lifier — Substitute  R,  for  Q.  The 
final  numerical  answer  is  4,520. 

I  should  like  to  thank  you  and 
your  staff  for  the  excellent  presenta¬ 
tion,  which  I  truly  appreciate. 


Walter  C.  Hollis 

Project  Engineer 
Sperry  Qyroecope  Co. 
Great  yeck,  N.  Y. 


a  ■ 


i 


'#I'  V  - 

Jfelni-  •• 


SEPTEMBER  1947 


mcgraw-hill.  publication 


msm 


3 


\ 


NEW 

ITEMS 


.m. 


New  designs  and  products 
are  in  continuous  develop¬ 
ment  at  the  U.T.C.  Research 
Laboratory.  While  most  of 
these  items  are  specific  to 
customer’s  unusual  require¬ 
ments,  units  having  general 


application  are  added  to  the 
New  U.T.C.  catalogue. 


electronics 


A  MeMAW-HILL 
PUILICATION 


SEPTEMBER  .  1947 


FIfLD  STRENGTH  MEASUREMENT . Cover 

Dotarmining  pattarn  of  transmitting  aquipmant  at  Sylvania  Cantar,  Baysida,  N.  Y. 

A  MEMORY  TUBE,  by  Aadrow  V.  Haoff .  . 80 

Cathoda-ray  tuba  with  dialactric  scraan  ratains  imaga  as  long  as  nacassary 

A  NEW  TELEVISION  PROJECTION  SYSTEM,  by  W.  E.  Brodioy  and  E.  . . 

An  improvad  phosphor  and  a  diraetional  viawing  scraan  parmit  recaption  at  high  light  levels 

APTITUDE  TESTER  FOR  GARMENT  WORKERS,  by  E.  C.  Holliday,  F.  Andorson,  and  E.  O.  Garnott . 90 

Phototuba,  ^amplifier,  and  clock  measure  total  time  operator  fails  to  follow  wavy  line  on  moving  paper  strip 
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